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THE 

PREFACE. 

tr'ffE Ancients^ whitfi the^ maJU a pretence of fiu- 
djfiiig Pbilofipby^ andfeatcbing out the caufes of 
^ ffotarai ibif^Sj bad no otber method to proceed hy^ 
^ tbMformng hypothetical coi^Etures out of their own 
\ beads according to tbedr various fancies j mthout any 
^ foundation in the natttte of things. And then they 
^^ endeavoured to defend their hypotbefesy by plaufihU 
N arguments of wit^ and the figures of Logic ; iy 
. which ibiy flattered tbemfeheSj tbey bad fulfy eftd^ 
hit/bed their Irfpotbefes^ and given' a true account of 
natural caufes and effe&s^ am that beyond the poffibi-- 
lity of ai^ oppo/itim. And all this while they bad 
not the leaft thougbt of making fo much as one expe- 
riment ^ to confirm the truth of their theories ; which 
is the onfy fojffible wayy that any theory in nature 
can be eftablified. By this means it came to pafs^ 
that their pbilofopby was no more than a philofopby 
of words and empty founds^ cot^fifting of endlefs terms 
of art J without any meaning or ideas anneut to them. 
And whilft they proceeded in this abfurd method^ true 
pbilofopby was quite at afiand^ and made no manner 
^f P^^S^^fi » ^wr» the nature of things remained per- 
feSJy unknown. Let any operation in nature be pro^ 
pofedy and they prefentfy had a name for it i and a 
few terms of art were to explain its nature^ though 
tb^ could not give us the leaft notion^ bow. or iy what 
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caufes fucb an operation or effcEt noas brought ahout. 
jind thus they imagined they could folve every diffi' 
culty in nature^ by the mere magic of founds. Ex- 
amples of this way of proceeding are endlefs ; hut there 
is nothing in which they have blundered mare ezre^ 
gioufbfy than in explaining the nature of lights and the 
manner of vijion. 

But the rnaderns finding tbemfdves no wifer by this 
phitofophical gibberifb^ found it neceffary to purfue ano^ 
tber method. . They faw plainly^ that ihrnature of 
things could never be known without careful obferva- 
tion and experience ; therefore they fet about to make 
all the experiments upon anyfubjea^ that c^uldpoffibfy 
be, made. By this ^eansthey could find out what caufes 
eould produce fuch and fucb effe^s^ what caufes and 
effeHs were linked together^ and always accotppanied 
.one another '9 and what proportion they kore to one 
/mother ; and after they bad found tbefe things in one 
fubjeSlj by applying the fame method to other fubjeSs 
of the fame kind ; th^ could find' hew far .thefe laws 
' were general^ and agreeable to all of that fort. In 
profecuting this method^ . it . is founds that there are 
feme properties that belong but to a few kinds of bo- 
dies^ andfome that belong to a great many kinds \ and 
fome properties that belong univerfally to all bodies : 
this teaches us fomething ; and the nature and proper- 
ties of bodies^ thus found out iy experiments^ is called 
Experimental Philofophy. By this method our great 
.Newton, the Prince of Philofophers, found out the 
nature of light y he andlized ity arid diffolved it into 
[its conjtituent panicles. He has fbewn us^ that light 
.confijls of particles jof different colours^ and different 
degrees of refrxingibility ; and that the colour of each 
ray of it is permanent and lajiing ; and its degree of 
. refrangibility invariable : that the particular colour 
\of it can never be changed by any ref ration or reflect 
Jion. But before that^ Philofophers were all of opi- 
Mon^ that light had no difference or variety of its con- 
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Jtitumt farts^ but was in its own nature^ fimpU and 
uniform ; and that colours were nothing but certain 
modifications of the lights or dilatations of the rays^ 
caufed by reflexions and refraBions ; whereas they dC'* 
pend upon a real feparation of the heterogeneous rays. 
And all optic writers were general^ of opinion^ ' that 
the reflexion of light was caufed by the particles tbere^ 
of ftr iking agaif^ the folid parts of^ bodies ^ which . 
they could not enter intOy and thence repelled back again^ 
-like other refieBed bodies: But Sir J. Newton has 
Jbewnj that they are driven back and refleHed before 
they touch the body ; and that by fome inherent power 
in ' the refleffing body^ which alts at a fmall diftance 
from its furfacCy in lines perpendicular thereto. 

Who could ever have thought ^ that the opacity of 
bodies depended on their porojity ; and yet the fame 
great Philofopher hasfhewn^ that their opacity arifes' 
from the multiplicity of refleliions within the pores of 
bodies J when the particles are of a determinate fize. 
And the fame bodies become tranfparent^ when their 
pores are filled with a medium of tht fame denfity as 
the particles of the body. 

It is now put paft difpute^ that vifion is caufed by 
the rays of light entering the eye \ and painting the 
image of the objeSt^ upon the retina at the bottom of 
the eye. If thefe rays pafs thro* the fame f^edium 
continued between the ohjeSl and the eye^ then they 
come from every part of the objeSl to the eye in right 
lines ; then this is called Direft Vifion. JVhen the 
rays come not diredly to the eye from the objeHj but 
fall upon fome polijhed body^ afid are refiehed from 
thence to the ^e^ in which they form the image of 
that objeSl ; then this fort of vifion is called Reflcr 
Vifion. Here the eye properly fees the image caufed 
by the reflexion^ and not the object it f elf. A body 
muft be truly polijhed to give a perfeSi image by re- 
fleSion -, for a rough uneven fur face fcatters the ra^s^ 
that they make no image^ or a very deformed one. If 
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ijfe rajfs fijjBiffg; from the olfjea^ ff fk^^^j |f tfa^i' 4(f' 

ferentmeMuthSj as air^ w^ter^ zhfh &c. tbm the 
rays will ht ref railed at enieri^^ a diffisrqti if^iMumi 
and come to the eye in other ri^bt lines^ of Afferent 
dire£lion frorn^ the former ; and^jbisis called Hcfr^c- 
tcd Yiflon. So that there a^e three J^j^ereiff^. c^fes of 
vijion^ wherehy objeps may ^ef(erf*^ ai^ ^h^e nfak$, 
three diJlinSl parts of thefcience gf Qr^c? > if ^fitf^cb^ 
tbefirft is the moji fmple^ ani^ the UJitMnu^^ complex. 

Since we fijnd the properties hf light ta a^ree ig^itb 
the known properties of pody^ 'y;e cannot f^ppJifi (igbt 
to^ be any thing elfe but a bady^ confifiiti^ ^ ^(^{^4^. 
f mall particles ; wihicH are cohtitiually Jhabfin off. kf A64 
vibrating motion of the luminous bo^^ a^4 ^^^Ud^ ^ 
the repellent power thereof^ withincredibU v^cityfrfp$ 
it in all direSlions. Some of wMckj by their ex^ee^^ 
fmallnefs and tenuity^ go thro* e^ery point, offpaae. So^e^ 
cf thefe enter our eyesy wbpfe tenure am cp^Aru^n 
is properly adapted thereto^ and ao ther{ by th£r mo^ 
tion excite vibrations in the optic nerves^ ^^ which we 
have the fenfation of feeing i and by ihewbnderful 
ftruSure of our eyes^ give us certain intelligence of $b^ 
jeSls exifling without us^ and their affeSions^ fucb as 
th)ir Jize^ fqrm^ colour^ motioff^ and even theij; d{f- 
tance : fo that *Qifion 'is not made at random^ but is 
performed by certain uniforni and fieady law4^ 

It appears by experiment^ that light confifis of parts 
both fuccejfive and contemporary^ For one f%ayJtop 
that which comes one moment^ and let that p of s which 
comes the next. One may alfo flop it in one ^^ace^ and 
let it pafs in another. And the fart that is fiopt fan- 
not be the fame with the part that is gone p^. 

Asyijion is the mofi ufefuly as well as the mofi de- 
lightful fenfe we have-, fo that fcience which teaches 
the improvement andperfeSion of this fenfe^ m^fl ber 
the mofi valuable of any^ and that is Optics, which 
not oifly explains the manner of vifion^ but. from the 
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fmt pimipks tBMcbis Imw t^fyppfy 4 fropir h^ for 
iufd ej^Sy and f0 remedy tbefev^al diffMs ^feurfighi^ \ 
^ ttk^ hip ^f proper infirumiuts CMtrivid accerdiMg 
t^ tU rUks of tins art^ fiuk as JpiJSackfj reaSwg 
glaffis^ tekfcopis^ merofcopes^ &§. and to this art is 
(ming thf inviniioH of ftvcral in^rumonts^ ^obich Ij 
cwitms Mdfitrprizing op$ratims^ give us the mofi ew^ 
^aifiH delight \ fuch as the camera ohfcuM^ th&magie 
laMb^j the perfy^Sive ixiews of couMtries^ (^e. fo 
tk^t it is a fcience of injhtite pkafisre as weU as 

P^tlfit. 

IVen there w other ufa of Optics^ hat* the contrp- 
fwnci tf JpeSacks^ to Mp the eyes ^ old men and 
pmklindpefipk'j yet tir^ alone would hfitfficient to 
ro/comwnd the ^dy of it. Of what if^nite adwin-* 
t^ge are thefe to mankind^ not one in a tbonfand^. hut 
««^ has f^ of their help^ at feme time of iife^ ef- 
p^dfllfy in old age. For as. the fight is the mofi noble 
of^ mfi entenfifue of alloarfenfes ; and as we can go 
^ a^t no concerns in Uft. without making ufe cf our 
eyes ; cert^%ly the infirumentm^ he the mefi valuahlt^ 
nsibifh relieves the. de^ay^eyes^ and cures their defeits^ 
and mAkex them, ufefulj and without which,, they would 
if almofi ufekfs. They are certainfy in ' a miferai^e 
condition that have the two winde^ws of the foutft^ut 
up J and are obliged to live in perpetual darkn^s. And 
fuch as have them partly ohfcured^ partake of the fame 
mifery in feme degree. How miferable wottid'the latter^ 
p0rt of meris lives be^ if there were no fUch- thing as 
fpe&acles ; and how tedious mufi the Uves of old peo- 
ple have been before their invention. fVitbout tkem^ 
a ^mechanic grown.old could not follow his bufinefs^ fmh' 
as wdichmaherSj engr4n/ers^ (^c nor a fcbelar con- 
verfe with . his books; or with his friends by letter. » 
So that this curious invention cannot be too highly* 

valued.:. 
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Our natural fight is cmfined to very narrow vif^t^ . 
and tbo' it is very extinfivij yet fame objtSs at a dif- 
iance are fcarce pera^tiUe^ while ethers mOre rBmote^ 
canmt be feen at all. Here then we home the advan^ 
tage of tekfcQpeSy by which we can behold very re-* 
mote objeSs very clearly % thus we can have a full 
view of the heavenly bodies^ and by that means un^ 
derftand the wonderful, mechanifm of the world ; with* 
out this inHtument^ all thefe charming fienes of na* 
turCj fo far dijtanty would be hid from us. This no^ 
ble infirument then can never be fufficiently recom^ 
fnendedy that has bpeHed a way fOr our difcoveries in 
the heavensi which could, never be known by any other 
means. By tbis^ the whole ffftem of nature is laid 
open to our view. By this we find the fun to be a 
great globe of fire \ that the planets revolve about 
him ; and that from their difftrtnt phafes^ they have 
no light but what they receive from him. By the 
dark fpots upon their fur f aces ^ are found the times of 
rotation round their axes. The fame infirument has 
j;iven us intelligence of the fateltites of Jupiter and 
Saturnj which move round thefe planets^ in tbiir fixt 
periodic times ; a thing utterly unknown to the an* 
cients. And thefe are of great ufefor determining the 
longitude ; and from thence the motion of light has 
been proved. Saturn's ring is another difcovery owing 
to the telefcope. The motion of all the heavenly bo^ 
dieSy their diflances and magnitudes have been hereby 
found out. The immenfe diflance of the fixt flars is 
proved by the t clef c ope \ and by this we dif cover aU 
mofk an infinite number of ftars more than can be feen 
with the naked eye. ' Ukewife all that has been dif- 
covered of the comets is owing to the ufe of the telef- 
cope. And by it the times of the beginning and ending 
of eclipfes are exa£lly determined^ with many other 
things of like nature^ equally afionifhing and curious. 
The advancement of afironomy is wholly from the ufe 
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(?/ the telefcope. Tekfcff^ ma? he alfo ufefulfy em- 
ployed upon the earth. ^ The merchant may at a great 
dijiance difcern his Jbips upon the fea. The feaman 
may fee the enemies Jhips at a di/iance ; or he may fee 
land from the majl heady long before be comes at if. 
Generals may furvey the army of his enemy^ or his 
owH. And any man may take a view of difiant towns^ . 
cities y buildings y trees^ and other obje3s in the cour^ 
try J efpecially when -he is feated on a high place. 
Xhefe are noble difcoveries of the tekfcope ; which^ 
if it had been known to the ancients^ would have put 
an end to all their doubts and difputes about the folar 

fjtfi^^^ ' , ' . 

If a telefcope be fixed in a certain pqfitiofij and 

thro\ it we fee the top of a tower ^ 6fr. at noon^ we 

jSallfee the lower part of it at nighty or in the mom^ 

ingy owing to a greater refraSlion at morn and night. 

The microfcope dif covers to us another world of won- 
ders. And here our contemplations may be endlefsy all 
bodies we look aty fhewing us fuch curious conttxture ' 
of partSy and affording fuch admirable appearances^ 
and fuch glorious cdkursy as cannot be well conceived ' 
without feeing them. 

The very f mall parts of bodies cannot be dijiinguijh- 
ed by the eyCy they fubtend an angle fo very Jmall \ 
and if they are brought nearer to fubtend a greater 
anglCy th^ come without the limits of diftinSl vifion. 
For the eye cannot contrail itfelf further than for an 
objeit at 4 inches dijiance to appear dijiinit. If it is 
brought nearery , it will appear confufed y and the . 
more confufedy the nearer it is. This confufion may 
be prevented either by looking thrtf a hole in a thin 
plate of kady whofe aperturt muft be the lefSy the 
nearer the objeS is'y or elfe by interpqfing a microf- 
cope glafsy between the objeS and the eycy to look thro*. 

To mention in particular fome difcoveries made by 
the microfcope, Tbefkin of a human hod'y is comppf 
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ed hf fensmd fcnks^ lyi^g wer one ahotb&*y heimen 
ibefe lajers $f fcdki tbt iittretorj dufh iopptar^ fbrtf 
which "we ftrfprt v ihtri art nhM 500 of tbtfi duSlS 
for one fcale^ akd t^ofcM^ are hut ejual to a grain 
.ef fand. The particles of dnft ffyif^ out of thepufi 
hall^ are ptrfeS fpheres of an orange colour^ and 
their diameters not above ^ of an hdir^s hreadtk 
The circulatidn of the blood is feen by the microfiope^ 
in the fins and tales of filhes^ and the feet, of frags ^ 
and the infertion of the veins and arteries made "bifi* 
hie. Hence alfo may be feen Afe armoUr of the fUa^ 
the fnout of the tick^ the bfifths of the fnite^ the mo- 
tion of the mufclesy and the pulfe in a loufe. Manj 
imperceptible ahimdh mity be feen with' ibis itiflrument^ 
in green weeds^ wbrcb grow in watery and in flanding 
waier ; in the hollow cf the cabbage and teazle ; ani 
fwarms of them in the water that drains from a 
borfe dunghill \ fmall animals l&dged ih the J cabs of 
fuch as have the itch. It Would be an infinite labour 
to. mention all the Wonders that this little inftritment 
fhews us. 

Thus it appears^ that Optits is not onfy a fcienee of 
the moft extenfive ufe^ but likiwife of the great (ft plea* 
fure and delight. A great many things in phitofophy 
can neither be underjiood nor profecuted Wrth'out the 
knowledge (ff Optics. This gives an account of Lights 
Colours y Opacity ^ Tr anfparency ^ Brightnefs^ Faintnefs^ 
&c. The fame fcienee alfo accounts for the appearances 
of mateorsy the Rainboixr, Coronas^ ParahelfOffs^ Pa^ 
rafelene^s ; // gives account df the ' nature of feeing j 
without it nothing can ke done in aftronomy. Optica , 
alfo brings forth Perfpe^vCj in which" every ^ rule of 
ft is founded. 

SpeSlacles were ^ not found out trH the beginning of 

the iph century. For the ancients had no' knowledge 

of optic glaffesy as is evident from rheir univerfal 

Jilence in this matter. Not one of them giving the 
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If0j^ btnl ihixt^i /k^i 'uiitb^ut daubt an moentkn ef 
.fucb univ^Lnf^ ^^ ^be worU ^uii tifver be. caucuJr 
ed. But tU ufi ofjingk if^es. wat hmm 300 years 
h^m f^et^ under Jt pod bwy$A cqiifbine them in ttkfcopeu 
^btf. kneui notbipr of the advantage the eye receiv44 
thereby y (y inmq^n^ its p^nverfome thoufands ^ tima 
b&.on4 its n0ft{raJ a^liti^^ For tikf cafes voters na/ 
in;ifeniid till ^PMJl thjelycf^ 1609^ nor micrcjfcopes till 
10 ^f, iz yfior^ ^^\ 

Many effeSts frodfiejtd'b^ o^ic efaffes feem wondirfid 
and furprv^nz^ A mhtmit ofobjeS^ Jeem diffi^ed 
tbro* a large Jpace where there is nofpace \ andobjeBs 
feem hanging in the air^ where upon trial we can feel 
nothing. ObjeSs appear fometimes greater ^ and fome^^ 
times lefs than they are ; and fometimes pretty^ and 
fometU/^s defamed. And they that underftand the 
principles'^^ of Optics and PerfpeSive^ eafily underftand 
the reafon of thefe ph^enomena. Optics al/o tends to 
free the nUnd from feveral preju^ces it bad imbibed % 
and when glajes are at hand to demonftrate their effeffs 
by experiment t it gives a vaft pleafure to the mind^ io 
fee she theory and Practice agree y and at once coU' 
firms us in the truth ofjbe Principles. And thefe 
experiments infinuate to us^ the great affimty there is 
between reafon and experience} a matter of the great- 
eft confequence in all kinds offcience ; asfuch an agree-- 
ment conduces more than any thing elfe^. to the certain-- 
ty thereof y by freeing the mind from all doubt ^ and 
fixing a firm ajent t her fin. 

From what has been faid^ 'and many more things 
that might be faid^. appears plainly the excellency of the 
fcience of Optics^ and its great ufe to mankind above 
all others *, and how neceffary it 'is for us to be acquaint' 
ed with itf to let us into the fecrets of nature^ not 
cnfy in regard to the grand fabric of the whole univerfe^ 
buti Ukemfe to the moft minute and imperceptible parts 
of it. 

As 
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As to this Treati/e^ I bave bundled tbe three dif- 
ferent parts of tbe fcience diftinSlly ; and treated of 
eacb of tbem as clear tf as I could \ and in asfiort and 
concije a manner^ as I could tbink on % and bave de- 
monjlrated all tbe principles in a Jbort way^ and in a 
tnetbodvery natural and plain \ omitting notbing tbai 
I could tbink conducive to tbe advancement of ibis 
feience^ or could Jmd in tbe mofi approved authors. 
And in tbe laft book bave defcri^ea feveral optical 
injiruments^ and demonftrated their powers and effeffs^ 
tvbicb J hope wiU be acceptable to tbe reader. 


W. Emerfon. 
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A Synopsis, or fliort View of the Con- 
tents of this Treatife. 

BOOK I. Simple Optics. 

■ 

OF dired vifion. Of the nature of light, and how 
the colburs are generated bv refraction thro' a 
^prifm. The apparent puces, maf mtude^ and brightne($ 
^of obje^Sbs (ecn diredly. The colours of natural bodies 
how caufed. Fits of ezfj tranfmiffion and reflexion of 
the rays of light. The adion of light and bodies upon 
one another. The motion of light is- performed in time, ' 
The proportion of moon-light, &c. to day-light. 

BOOK II. Catoptrics. 

The reflexion of light from plane and fpherical fur-^ 
foces. A general theorem for finding the focus. Of i* 
ma^, their places, diftances, poutions, magnitudes, 
motions, and brightnefs. Burning concaves. The aber« 
ration of the rays. 

BOOK III. Dioptrics. 

The refra^on of light thro* one or more refradinff fur- 
faces. The power of diflFerent bodies to refrad li^t. 
Of finding the focus of rays refra£ted by plane and fphe- 
rical furfaces. A general theorem for finding the focus of 
rays refraded by a fpherical furface. General theoreins 
for finding the foci, for all forts of lenfes. .The conju- 
gate foci of all lenfes determined. To find the focus, and 
the vertex of a lens by experiment. Images made by re- 
fraction their places, diftances, pofitions, magnitudes, 
ihapes, motions, and brightneis* Burning glaflcs. Aber- 
fation of the rays. 
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BOOK IV. ' Optical Instruments. 

Theeombmatton of gkfies. Of Yifioii, and tbe fEmc- 
ture of the eye. Teleibopes with 2, 3, 4, glafles i their 
magnifying powers, diftindncfs, brightnefs, and vifual 
angle. Table- of their dtmenfioos. The folar telefcope* 
Tdefcopic fightsL md taking angles, l^elefcopes with- 
out tubes. Reflcidiing tddcopds ^ Oregor/s, Caflegrain's, 
Mewton's ; their magnifying powers, diftindnefs, bright-P 
nefs, and vifual angle. Ts^les of their dintenfions. To 
fiiid the maghif^ing power of a telefcope by experiment. 
A fingle microscope, its magmfying power and bright- 
neft. A double microfcope, its magnifying power^ bri^t- 
nds) and vifual angle. A redecling aucr<^cope« The 
fd[ar mrcrofcope. The ma§^c laiithom. Portable ca^ 
mera obfcura, leveral kinds o^ them'. Several idachilies 
for Ibewing perfpe^ive Wews* £x|itenatioD of the co» 
lours'of tM rainbow. 
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DEFINITIONS. 

D E F, I. 

fyPTICSr^ is a fcience which teaches the nature 
of vifian ; and of every thing relating to the 
fight. 

D E P. 11. 

A Ray of light, is an extremely fmall part of it 
moving in a right line, or otherwUe. 

D E R IIL 

A S^am of light is a fenfible part of it^ confift^ 
ing of a great number of rays. 

D E F. IV. 

A Pencil of rays, is a portion of light of a 
conical form, |)rpceedmg from a point, or elfc 
tending to a point. 

D E R V. 

Parallel Rjys^ are fuch as run in parallel di« 
ie£bions ; and converging rays^ are thofe that tend to 
a point ; and diverging rays^ are fuch as proceed 
from a point. 

D E F. VI. 

• ■ 

A Medium^ is whatever the rays of light paft 

thro', as water, oil, glafs, air, or any tranlparent 

body i and even a vacuum. 

B DEF* 
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D E F. VIL 

-R-^Mkn^ is when a ray of light flies off from 
the furface is falls upon, without entering into it. 

D E F. VIII. 

RefraSHon^ is the bending or breaking of a fay 
of light, where, it goes out of one medium ihto 
another. 

. D E F. ^ IX. 

The Angle of hcidmce^ is the . angle made by 
the incident ray, and'th^ perpendkiilaf to that 
point of the furface on which tl*e ray falls. 

DJEJ. X. 

•The Jngk of Refle^ton^ is the ingle compre- 
hended between the rcfledted ray, and the per- 
pendicular on that point of th^, furface, on whidi 

X% KUlS. 

DEF. XI. 

The Angle of RefraSton^ isf the angle Which the 
refraded ray conta^s with the perpendicular to the 
reftading, furfece, at. the point of incidence. A nd 
the refrained angle^ is that contained between the 
incident and refrafted-rays. 

D^E F. xn. 

The :F^f «^^ is ra poiMt in which dl the refledted 
or refrafted rays meet together. The point from 
which the rays feem to diverge, is called the vir- 
tual Focus. The point tp which parallel rays are 
refleftedor refraoied, \% tht principal Focus. ^ 

D E F. xm. 

The focal Diftance^ is the diftance of the focus 
from tlte reflefting or refradting furface. TJiis ge- 
nerally relates to the. principal focus. 

PER XIV. 
Conjugate Foci^ are two fuch points, that either 
of them being the 'radiant point, the .other.will be 
the; focus* 

BOOK 
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BOOK 1. 

£)/ Direct Vi siow, a^d fuch Pro^ 
ferjths of Lights as are deduced 
frxm ^xpsriments. 


PROP. I. 

TW^HEN the eye views mai^ dhjeSs at great dif^ 
taniesy it refers all their places to the fur face of 
a fphere^ whofe center ^is the eye itfelf. 

For as far as an eye can- fee dirtinftly in any 
one diredion, fo far it can fee in any other direc- 
tion, if not hindered by intermediate bodies- and 
this it can do quite round. Hence, when the otj- 
jeAs we look at, arc at great diftanccs, it is n^tii- 
jral to fuppofe thciii at equal diftanccsi For und^r 
equal circumftaiices, nothing appears to ihajce oqc 
diftance to be judged greater than another. There- 
fore we take the fimpleft way, and fuppofe them 
all equidiftant, or confider them as fo. Whence 
thefe diftances being all equafor fuppofed equal, 
and ^11 proceeding frpm one point, it ;t plaih 
they are the radii of a fpherical furfece, whpfc 
center is that point. That is, the eye places all 
fhefe objedls in the furface of '^ fpheire whofe, cen- 
ter is the eye itfelf. 

Cor. I . *The eye is always placed in the center of 
. its own view. 

' Cor. 2. Af^ portion of tpe heavens which falls 
under our view^ appears as tiie portion rf the concave 
fufface of a fphefe. 

Mi Co^., 
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Fig. Cor. 3. When we look at tbefun\ moon^ anifiars\ 
or even at the clouds ; ibiy appear to us to bejituated 
in the furface of one and the fame fpbere. 

For tjicfe objefts being beyond the extent df 
\diftina yifipn, therefore the eyt cannot judge of 
their true diftances.' Therefore they will appeal: 
to us, as all fituated in the furface of the ume 
fphere, and fo equally diftant. Tho' they be real- 
ly at different diftances from us. 

Cor. 4. Hence if the tfe was to have a full view^ 
from anjf place on the furface of the earth ; it could 
fee no more than a hemijphere. 

For the horizon cuts off the other hemifphere. ; 
and the body of the earth below that, hinaers us 
from feeing any thing at a great diilance. 

* ■ 

Cor. 5. The eycj keeping a fixed pofttion^ can fee 
no more ohjeSs than are contained in a hemijphere Ij-* 
ing direSfy before the eye^ nor quite fo much. 

For if the bafe of this hemilphere is fuppofcd 
to touch the pupil of the eye ; no rays can enter * 
below that bafe 5 nor even in the plane of this 
bafe or near it, to caufe any diftinft vifion. 

PROP. II. 

Such rays as enter the eye perpendicularly^ haw 
the great eft power to cdufediftinSl vifion. 

This is matter of obfervation. And it is plain 
that rays that are oblique have lefs force to pro- 
duce their efFe6ls ; and may be fo oblique as to 
produce no fenfible efFe6t at all. Therefore thofe 
rays that are moft direft, are moft efficacious in 
caufing vifion ; as they will fall perpendicularly 
upon the retina, at the bottom of the eye. And 
bythefe the image of any objedt will be painted 
moft diftinftly upon the refina. 

Cor, 


\ » 
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. ^Cor. , Henicj wf ke oifeSls the mofi iSfiinSfy^ Fig, 
which are direSfy before our tfts. 

^ Thi^ is plain from this Prop. And is confirmed 
liy experience, as is evident by but turning our eyes 
diredtfy to the pbjeift ; or from one part of an ob^ 
je£t to another, in order to fee it clearer. 

PRO P. HI. 

An ohjeS appears greater or lefsj according as it u 
isfeen u^der a greater or lejfer angle. 

] Let ACa be the axis of the eye \ AB, DE two^ 
<qual (^eds. To the eye at C^ draw BC^^ and 
£Cr. ' Then the ol^eft BA appears under the an- 
gle BCA» or i^r^' and ED under the angle ECD 
or eCa. But eCa is greater than llCa ; and ae 
greater than ab. ' But ae^ ah are the appearances 
pr piftures of the objcds DE» AB» lipon the re* 
tina. Therefore the fpnner appears greater than 
die latter. 

Cor. I. ^be diftance between two obje&s A and B, 
appears to be greater as the diftdnce of the fptSator 
istefs. ' ^ 

For at the diHance CD, the diftarice of the ob- 
je6i:s appears under the angle ECD or eCa. And 
at the diftance AC, it appears under the angle 
BCA or bCa. 

Cor. 2. ^be apparent linear magnitude of an ob-^ 
jeS AB, is reciprocal^ as the diflance CA. 

For AB appears no greater than DF. But DF : 
DE or AB : : CD : CA. That is, the apparent 
magnitude of AB : apparent magnitude or DE : : 
CD:CA. 

Cpr. 3,: The ff^ficial, apparent magmtnde of an, 
objea^ is reciprocally as thefquare of the dijtofcf. 

B 3 Fm 
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Fig. 

PROP. VI. 

a. fbi ieiifitj of rajs pfmag frmm tm otjiB^ mr mwf 
pmrt $f AM objiSi urtdpoiattf s$ Sbe ffmare rf 
JbcdiftaMCc. 

Let die rays flow fiam A, and 611 upoti the 

plane BC ; dien taking the plane BC away, let the 

lame light fidl on any other plane DE, which is 

done by producing tbe lines AB, AC» to D and 

E* Then the area of die furfiure BC, is to the 

area of the fmface DJ^ ; as BC* to I^* ^ or as 

AB^ to AD*. Let j be any finall ^lace, / the 

quanuty of light contained in DAE. Then BC* : 

Is 
i : : /.: g^ = the number of rays on the Q>ace s, 

'Is 
at the diftance AB. And DE* :/::/: g^ ^ 

number of rays on the fpace x, at the diftance AD. 
And the dennty of light bemg as the number of 
rays $ it will be, denficy of light at B : denfity of 

light atD : :g^ : pgi: : DE* :BC»: : AD*: AB^. 

Cor. I. Tbe quantity or intenfitj of Ugbt^ flowing 
from a luminous objeS^ is reciprocally as tbef^uare of 
tbe d0ance: 

Cor. %. Tbe hrigbtnefs of an objeSj is the fame 
at all diflances from tbe eye ; if none of tbe rays be 
fiopt by tbe way. 

For the brighmefs is the fame, when the fame 

3uantity of light falls upon the fame quantity of 
xe retina, in the eye^ or when the denfity of 
light on the redna is the fame. But the denfity of 
light falling on the pupil, or the quantity of light 
falling on iti is reciprocally as the fquar^ of tlje 
. diftance. 
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diftancc. And (III. Cor. 3.) the apparent magni- Fig, 
tude of the objeft is reciprocally a$ the fquare of 2. 
the diftance. Therefore the quantity of light on 
the pupil, is as the apparent magnitude of the ob- 
jeft, that 4s, as the fpace taken up on the retina. 
Therefore the quantity of light being as the fpac^ 
taken up, its denfity is given 5 and therefore the 
brightnefs is given^ or remains the fame. 

/ Cor. 3. Hmce the faintnefs of remote objeSls is 
owing to the denfity and opacity of the atmofpbere^ 
wbicbftops a great part of the light j in coming to the 

PROP. VII. 

If a room he made quite dark^ and a fmall bole in 3* 
the window Jbut he made, Tbe objeSs out of the 
bwfe being jirongly illuminated ; the rays proceeding 
fromtbemi thro* the bole^ will form their pi3ures on 
a paper ^ or on the oppojite wall^ in their proper co^ 
lours \ but in an inserted pojition. 

Let PQR be the dark room, F the hole in the 
window fliut,^ ABCD an objeft without. The rays 
proceeding from the top A, in the right line AF^ 
will form its image at a towards the bottom of 
the wall. And the rays proceeding from the 
bottom C, in the line CF, will paint its image 
at the top Y. Likewife the rays proceeding from 
the left D, in the line' BF, will make the image 
of B on the right hand at h. And thofe proceed- 
ing from the right hand D, in the line DF, will 
form its image on the left at d. Likewife all the 
rays proceeding from the line AC, will form its 
image ac. And thofe from BD will make its image 
bd. And the like for any other objeft expofed to 
the hole F. 

Cor. 
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Fig. Cor. I'. If the hole F be very finally the piffurey 

3. ^iU H verj difiinSf^ but hardly vifible far want of 

Ught. And if the hole be large^ the pUiures will be 

^h-ighter^ but not 'diftinSf. To remedy thefe things^ a 

' broad convex" lens of a proper focusj mujt be placed in 

the hole made wide enough to receive it* 

Cor. %. If an objeSiy too near the eye^ appear am- 
fufed -, it may be feen clearly thre^ a hole made- in m 
piece of paper with a pin^ and put clofe to the eye^ 
Then it wiU appear diftinSty and in its true pojition. 

This is upon the fame principle. Forif thtf 
hole is fmall, the rays flowing from all the pointai 
of the objeft, will fall upon as many diilinft 
points of the retina ; and make a diftinft pifture. 

Cor. 3* iut if the paper with a finaU hole in it^ 
. . be held at a fmall diftance^ and a needle held clofe /# 
the eyiy or anjf way between the eye and the paper i 
it will appear inverted^ and magnified^ 

The reafon of this is, that the rays crofling one ' 
another at the hole, before they come to the ob- 
jed ; the pidure of the obje£): muft be painted the 
lame way that it lies i contrary ta the c^£c of th« 
2d Corbl. where the rays croffing one another be- 
tween the objeft arid the eye, makes the pidture i»- 
' verted* But we know, that a pifture inverted in 
the bottom of the eye, makes the objeft feem 
ercft ; cotifequently, when the pi6kure is erc6k in 
the bottom of the eye, the objcft will feem inverted. 

• 

42, Cor, 4. From the fame principle itfolkwSy that if 
the' fjtn fbines thro* a long Harnnv JUt AB in a win- 
. dd^ fhul'y its image CD at a good Mftance from the 
. ioindowj will approach to a circle. 

For the cone of rays flowing from dl parts of 
the fun thro* the point A> will be projefted into ^ 
circle at C ; and thofe flowing thro* B will be pro-, 
jedled into a circle at D. And fo rays flow^ 

ing 
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ing tllro' all * points between A and B, are projeflr- Fig^^ 
cd into innumerable circles between C and D; 4^* 
each of thefe circles is the image of the fun, and 
all together make up the oblong figure CD. In 
this figure the extreme circles? C, D,. grow larger 
at a greater diftance, whilft the diftance of their 
centers remains the fame, being equal to AB. So 
that as the diftance increafes, the length and breadth 
of the figure increafes equally, and at a great dif- 
tance, their difference vaniflies as to fenfe. At the 
place FG, the figure is narrow, having rfeftilincar 
fides and circular ends. And after the fame man- * 
ner, if the fun fhrnes thro* a triangular hole or any 
bthef figure, the image at a great diftance will be 
nearly circular, and the centers of the extreme 
circles will form a triangle or other figure, fimilaf - 
and equal to the hole. 

ScHOLlifM. 

* An apparatus made after the fame manner dc* 
icribed in this Prop, is called a Camera ohfcura. 

PROP. VIIL 

The ligbt ef the fun confifts of rays diffirentlf re* 
fi^angibki 

Exi 1. 

To prove this by experiment. In a very dark 4* 
diamber, make a roui^d hole F, about ^ inch dia- 
meter, in the window Ihut EG. Place a glaft 
prifm ABC very near the hole ; io that a Watafi of 
It^ht SF coming in at the hole, may pafs du-o^ the 
prifm and be refrafted upwards, towards the op*- 
pofite wall of the chamber, and thtfre form a co* 
loured' image of the fun PT. This prifm is tri* 
angular ait each end, 3 6r 4 inch long, and is po« 
Hflied on the 3 fides Afii BC, CA. It is fere 
placed parallel to the ht}n2on, aiid itsr axis perpen- 
dicular 
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F\gi dtcular to-fhe beamSF. Turn the prifm flowljr 
4,: 9]>out the axis^ and you will fee theTcfradfccd light 
on the wall, or the coloured image of the fun, firft 
to defcend^ and then to afcend Between the de* 
jcent • and afcent, when the image feems ftationa* 
xy, ftop the priirn and fix it there. For in that 
poUure the refractions of the light on the two Mc% 
CB« CA, are equal to one anomer. 

So likewife in other experiments, when you 
:wouId have the refraftions on both fides the jprifih 
to be equal, you mull note the place on the wall 
where the image ftands ftill, between two contrary 
motions; and make it fait there. In this pofture 
pf the prilm all the following experiments are to 
be made, unlefs fome other pofture is defcribed* 
\The prifm remaining in this pofture, let the re- 
frafted light fall perpendicularly upon a fhect of 
white paper at the oppofite wall of the chamber, 
and you'll fee the iblar image formed on the paper 
, 1:0 be oblong, and not oval, but terminate4 with 
two redilineal and parallel fides, and two femicir- 
cular ends; the fides bounded pretty diffiinftly, 
but the ends very coiifufedly and indiftinftly, tnc 
light there decaying, and vanifiiing by degrees. 
Here the breadth anfwers to the fun*s diameter ; 
at 1 8 4- feet from the prifm, the breadth ciinunifli* 
ed by ^ inch, the dianjeter of the hole, is i -J. inch, 
. . fi^nd fubtends an angle at the prifm of half a de- 
gree, which is the fan's apparent diameter. The 
length 1 04 inches, when the refradting angle of the 
•prito G is 64 degrees. With a lefs angle of the 
prifm. the length of the image will be lefs. If 
|he prifm be turned about its a3(is, that way which 
m^kes the rays emerge more, obliquely to the fide 
AC ; ; the image foon becomes an inch or two 
longer, or more, And if the prifm be turned 
about the contrary way, fo as to make the rays fall 
more obi jquejy on the fide CB, the image foqn be* 

corned 
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comes im inch or two fliorter. And therefore in Fig. 
trying this experiment, one muft be as care^fur as 4. 
can bJe, in placing the prifm, fa that the refrao- 
tions on bom fides may be alike. :, 

' Thb experiment tried with a prifm, whofe re- 
frading angle C is Sz^dcgrctSy the length of thie 
image will be 9 -^^ Or 10 inches, at the , lame dij^- 
tance. The magnitude of the hole in the windoy 
flxut, the different thicknefs of the pfifin. Where 
the rays pais thro', the different inclinations of 
the prifm to the horizon (or different hights of the 
fun), make no lenfible changes in the length of thb 
image. Neither does the different matter of the 
prifm make any; for in a prifm made of plates of 
glafs and water within, there is the fame refult. J 

Alio the rays always go on in right lineis from 
the prifm to the image. And therefore at their 
going out of the prifm, have all that inclination to 
. one another, which caufes the length of the image ; 
. that is the inclination of 2 4^ degrees or more. From 
all which it is plain, the rays falling on P are more 
refrangible than thofe falling on T. For if the 
rays were all alike refrangible, the image PT 
jwould be a circle, whofe length is equal to its 
breadth; which is eafily proved thus. 

Let SKHP be a ray coming from the lower pait 
of the fun to the higher part of the image ; and 
refrafted by the priftn at K and H, SLIT a ray 
• which comes from the higher part of the fun, to 
the lower part of the image, and is refraded at L 
and I. Suppofc the refradlion on both fides the 
prifm, are equal; we have, refradlion at It = rc- 
fraftion at I, and rcfraftion at H =: refraSion at 
L. Then by addition, the refraftiohs at K and H 
= refradions at I and L. And therefore the two 
rays being equally refrafted, have the fame incli- 
nation to one another after refradion as before ; 
diat is, half a .degree, equal to the fun's apparent 

diameter. 
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Fig. diameter. So then PT would fubtend an angle af 

4. the prifm of half a degree, and therefore would be 
equal to the breadth, and confequently the image 
would be round. But inftead of that, it is five 
tiipes longer than it is brpad. ' * 

Likewife the image PT is coloured 3 for from T 
to P it has thefc different colours in this order, red, 
orange, yellow, green, blue, purple, violet; at 
the places, r, ^, y^ ^, h^ p, v, refpcftivcly. So 
that the moft refrafted part at P 13 violet, and the 
leaft refradred at T is red. And the intermediate 
part, all the other colours. 

Exp. 2. When a beam of Ijght is letin at the 
hole-F, of the window ihut;1hol4 the prifm in 
luch a pofition that its ^is .may Jbe perp. to the 
beam. Then look thro* die prifm to the ^hole, and 
turning the prifm about back and forward, to find 
when the image is ftationary ; there ftop the prifm, 
the refraftion on both fides being then ec[pal. Then 
looking thro* it, at the hole; the lep^th of thie 
image will appear /to be many times greyer than 
the breadth. The moft refrafted part being vio- . 
^ let ; and the leaft refrafted, red'. The middle 
parts blue, green, yellow in order. 

And if the prifm be removed out of the fun- 
beam, aqd then looking thro^ it at the hole ; you 
will have the fame appeai^anije. Now if all the 
rays were refi;a^ed aj;ke, the hole wquld appear 
round wJ^en refrafted ^hro* the f)rifin. So that at 
equal incidencies dierc is a . co^riiderable inequality 
of refraftion. 

5. Exp. 3. To try what is the effeft of refrafting the 
rays a fecond time. Things being ordered as in 
the firft experiment, place a fecond prifm clpfe by 
the firft in a crofs pofition as :DH, that it may 
again refraft the beam which comes thro* the firft 
prifm. The firft prifm refrafts it upwards ; and 
the fecond, fideways. By the firft prifm alone the 

beam 
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be^m IS refraaed to PT, and qt is the imajge-made Fig, 
by the refraftion of the two crpfs prifins together. 5^ * 
Th^n it will dppear by the refradiion of |the ic- 
cond prifin that tne breadth of the image is. not in- 
creafed, but the upper part P fuPfered a greater 
refraftiph in both prifins, and the lower part T, a: 
kfs refradion in both prifois -, and that witho\i|: 
any dilatation of the ima^ in breadth. Likqwife 
as before, the upper part q appears violet 5 and the 
lower paft /, red 5 and the reft as before. So th^t 
here is no dilaution or fplitting of rays. 

And if a third and even a fourth prifin be.plac- 
•ed in the f^ie manner after the fecgnd, the refult 
w^U be the fame i ^nd the n)oft refrangible rays 
will be moft refra^cd,^ before,; and the Icaft, 
the leaft refra&ed^ whUft their colours r^nuin un- 
^changed 

E9ep..4* If inftead of one hole in the window, 6,. 
there be m^de two holes, under one another, at a 
fmall diftance ; andrefradtipg the light upwards by 
two parallel prifm^^ pjaqed one at e^ch :hole ^ and 
•then refraft the two images to the oppofite wall^ 
in fuch manner that the two coloured images, n^y 
. be joined end to end in a right line. Then if both 
thefe refrafted beams were ^ain refracted fidewjays 
by a third pnfm placed acrofs the two.firft (as in 
Exp. 3.). Then the t^o-b^ms would be re^*^d- 
€d to the places p/, mn ; which wpuld not now* 
lie in one r^ght line with their <nds torching as 
before; but be fepai:ated and become parmleL 
The blue ends iw, p being Ijy a greater refraftion 
tranflated further froni its former place, than the 
red ends Uj t. And the fame happens if the thiid 
prifin be placed at a good diftance from the others. 

Exp. 5. If a beam of light be rcfledcd by 00c 
•/ide of a prifm, and -then refrafted by another 
.^priffti, fome of the rays will be more refrafted, - 
and others lefs. Or if it paffes thro* one fide of 

a prifin. 
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Fig. a prifm, and is reflefted by another fide, and made 
<5. to pafs thro' the third fide ; and after this be re- 
fraflbcd by another prifm ; fome rays will at laft 
be more refrafted than others. Or if a beam pafs 
thro* parallel furfaces of glafs, and be then refraft- 
ed ; the confequence will ftill be the fame. And 
therefore it is fully proved, that the fun's light 
conlifb of rays differently refrangible. , 
4* Exp. 6. Let a fmall hole be made in the paper 
where the image PT is ; and let each of the co* 
lours pafs fucceflively thro' this hole ; and be re* 
fraded again by a prifm behind the hole. Then 
each of thefe colours will be found to continue the 
fame as before without any manner df alteration. 
' And the figure or fpot of light on the wall, wilJ, 
as to fenfe, be circular. So that none of theie co- 
lours are the leaft changed by refraftion. Like* 
' wife if fmall bodies be placed in this new light, 
they will appear bf the fame colour as that light, 
red in the red light, greea in the green light, &c. 
So that the colours are no way changed by re- 
flexion. Likewife if you look at any of thefe fpots 
of new light upon the wall, thro* a prifm, they 
will appear wholly of the fame colour, and no way 
dilated or expanded in length. So that homogeneal 
light fuffers no manner of alteration In any cafe. 
' And in all thefe trials it will appear that thofe 
rays, which were moft refrafted at firft, are always 
afterwards moft refradted. And thofe that are leaft 
'at firft, are always Icaft afterwards. 

Con I. Evefy ray of light has a peculiar degree of 
- ref Tangibility^ which cannot be changed by any re* 
flexions of refraSlions \ ' but remains conftantly and in^^ 
variably the fame. 

• 

Cor; 2. ^he confufed vifton of any objeHfeen thro^ 
tf refraSling body or medium^ arifes from the different 
^ refraSlion of the light. • 

For 
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^ For different rays flowing from the f^e point Fig, 
of an objedl, will be refrafted to different points 
on the retina at the bottom of the eye. 

Cor. 3. The light refieSled^or emitted frcm all bo- ^ 
die^y confifts of rays differently refrangible. 

For the light rcflefted from all bodies on the ^ 
earth, is the fun's- light. And befides, if one 
looks at any objeft thro' a prifm, that object will 
appear tinged with colours. Take a fmall part of 
a body, illuminate it ftrongly, and looking at it 
thro* a prifm, you*ll h^ve an oblong image like 
PT (fig. 4.) with all the colours. In like manner, 
a ftar, a. lamp, a candle, a burning coal, red hot 
iron, or any burniag matter feen thro' ^ prifm, 
gives the fame appearance. - 

Cor. 4. Hence alfo thefimfle primary colours are 4. 
feven -, red^ orange^ yellow^ green^ i?Ue^ purple^ violet. 
The red being leajl refra^ed^ and fo in order to the 
violet ^ which is mojl. And the j faces taken up by 
thefe^ are not equal ; the orange and purple being lit^ . 
tie more than half each of the refty which are nearly 
iqual. • ' 

This is known by'meafuring the parts of the 
image PT. 

Cor. 5. Hence ohjeSls feen thro* glaffes in purified 
cr homogeneal light will appear diftintt •, but very con^ 
fufed in heterogeneal or common lights 

This is plain from the jd experiment ; and may 
be further evinced by placing flies, or the letters of a 
book, or any minute objefts in homogeneal light, 
where they will be perfeftly feen, and their parts 
diftinftly defined-' but will appear confufed in 
comnrion light, and their fmall parts cannot be dit 
tinguilhed therem. 

C SCHO. 
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Fig. k Scholium. 

Sir J. Newton, by accurately meafuring the 
fpaces, that the feveral colours take up, found rfiem 
as follows ; 
red, orange, yellow, green, blue, indigo, violet. 


a I 1 12 


I 3 i_ , J- , -1- , -1- . — • 

T ' ^ * 15 6 6 99 

Where the whole length of the image is i. 

PROP. IX^- 

Rays of light which differ in colour, differ alfi- in 
decrees of refrangibility. 

Exper. I. Take an-oblong plec&of^paper DGI, 
draw a line crofs it in the middle, to divide it into 
two equal parts. Faint one end DO with blue, 
the other GI with red, as ftrong as you can. Lay 
it flat where there is light enough •, Iookl at it thro 
a glafs prlfm, held parallel to it, and to the hori- 
zon •, then if the refrafting angle of the P"^ be 
upwards, fo that the paper may feem to be lifted 
upwards by refraftion •, the blue half FO will be 
lifted higher by refradion, than the red halt OK. 
Bxit if the refrafting angle of the pnfm be turned 
downwards, fo that the paper may feem to be car- 
ried lower by refraftion ;• its blue half will be car- 
ried lower than the red halt. Therefore the light 
from the blue is more refrafted, aftd therefore is 
more refrangible, than the Ught from the red. 

Exp. 2. Take the fame paper, whofe two halves 
are painted with red and blue, and lap a thread ot 
black filk feveral times about it, fo that the parts 
of it may appear upon the colours like fo many 
black lines drawn over them. Set this paper per- 
pendicular againft a wall in a dark room, or in the 
nieht •, fo that one of the colours may ftand to the 
rilht. and the other to the left. Place a candle 

^ • near 
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near the paper to illuminate it ftrongly. Then Fig. 
take a lens of a large focal diftance, and place it 7. 
at fuch a diftance, that the rays coming from the 
feveral points of the paper may be coliefted to a 
focus, at about the fame diftance on the other 
hand ; and fo form the image of the coloured, pa- 
per upon. a white paper placed there. Then mov- 
ing the paper to and from the lens, to find where 
the images of the blue and red parts of the paper- 
appear moft diftind ; which is eafily known by the 
images of the black threads of filk, which will be 
diftinft there ; and you'll find where the red half 
of the paper appears diftindt, the blue half will . 
appear confufed •, fo that the black lines on it can 
fcarce be feen. And on the contrary, where the 
blue half appears diftind, the red half will be 
confufed, fo that its black lines can fcarce be feen. 
And therefore between thefe two places, where 
thefe feveral images appear diftinft, there will be 
a remarkable diftance,, which will be about an inch 
and a half, if the diftance of the candle or paper 
from the lens be about fix feet. Therefore the fo- 
cal diftance of the red being greater, than that of v 
the blue ; proves the blue rays to be more refran- 
gible than the red. Therefore rays that diflxrr in 
colour^ differ alfo in their degrees of refrangibility. 
The fame appears by the experiments in the laft 
Prop. 

Note, A lens is a folid piece of glals, the two 
fides being the fegments of fpheres, and poliftied. 

Cor. I . Hence all light naturally conjifts of betero^ 
geneous raySy which exhibit different colours. 

Cor. 2. Every fort of homogeneal rays produces its 
proper colour^ according to its degree of refrangibility. 
And thofe that agree in colour^ agree in the- degree of . 
refrangibility ; and its colour cannot be changed by any 
reflexions or refraSlions. 

C 2 Cor. 
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Fig. Cor. 3. ^here are as manyjimpk colours as there 
7, are degrees of refrangibility^ and therefore an infinite 
number. 

For tho* in Exp. i. Prop. VIII. there are only 
feven fimple colours mentioned ; yet each of them - 
confifts of an infinite number of degrees, and there^ 
fore are infinitely various. 

^ Cor. 4. 7be perfe^ion of telefcopes and niicrofc&pes 

is prevented by the different refrangibility of the rays 
of light. 

This appears by the 2d experiment; for thefe 
inftruments are compofed of lenfes of feverai forts. 
No rays ifliiing from a point can be refraded ex- 
adly to a fingle point. 

Cor. 5. Hence it is plain^ if the fun^s light con- 
' ftfied but of one fort of rays ; there would be but one 
colour in the whole worlds or all things would be of 
one colour. Nor would it be poffible to produce any 
new colour by reflexion or refraSion. And of confe-^ 
quence the variety of colours depends upon the compo- 
Jition of light. 

Scholium. 

^. If a large hole F be made in the window fhut 
EGj and the prifm ABC -placed near it, and clofc 
to tne prifm on the other fide, a thin board DO, 
with a fmall hole in it -, and at 1 2 feet diftance, the 
board MN be placed, having a fmall hole in the 
middle of it •, and clofe behind it, the prifm RQ^ 
,Then if the prifm ABC be turned flowly to and fro 
about its axis, the image PT will move up and down 
on the board MN ; and by this means, all the fe- 
verai parts of it may be made to pafs thro' the hole 
in it. And each of thefe paffing thro', is refra&ed . 
^gain by the prifm RQ^ and io pafTes to the op-^ | 
pofite wall. Then it will appear, that the light 
which is moll: refracted at ABC» is alfo moft 

refradled 
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refra&ed at RQ, . and goes to the bighcr part Fig* 
of the wall at X. And the light which is leaft 4. 
refradted at ABC, is alfo the Icaft refrafted at RQ, 
and goes to the lower part of the wall at Y. And 
that the moft refrafted at X is violet, and the leaft 
refrafted at Y is red. And all this happens, whilft 
the two boards and the prifm RQ^remain unmoved i 
by which means the incidence of the rays upon the 
fecond prifm, remains always the fame. There- 
fore at the fame incidence, fome rays are more re- 
fradted than others -, aAd thofe that are more re- 
fradted at firft, are more refradted afterwards, and 
have always the fame colour annext ; and the like 
for the reft. So that it is evident, that thofe rays 
that are endued with different colours, have dif- 
ferent degrees of refradtion. From the perfpicuity 
and 6vidence of this cxpei'iment, it is called the 
Eocperimentum cruets. 

PR OP. X. 

All rays of light falling on a refleBing furface^ in 
the fame ^ngle •, are reflected in equal angles^ if they 
he refleSled at alL 

Exper. Let F be a hole in the window fliut» G 8. 
a refledting furfacc placed horizontally. Let abeam 
of light from the fun FG, come thro' the hole F, 
and fall upon the • refledting furface G^ and then 
'be refledted to H on the oppofite wall ; the figure 
of the rcfledted light at H will be circular like the 
hole.F. And therefore there is no feparation of 
the rays as in refradtion. And no colours are 
brought by reflexion. ' 

AUo if a paper be held any way between G and 
H par^iel to the wall at H i the image received 
upon the paper will always be fimilar to the image 
at H, and of a circular form. And therefore the 
rays that had the. fame bcidence, will run paralld 
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Fig. to one another after reflexion ; arid confequently 
8. are reflefted at equal angles. 

Indeed the Beam FG grows wider as it is further 
from F, and GH grows bigger as it is further from 
G ; but this is only owing to the apparent magni- 
tude of the fun's diameter. For from any one 
point of the fun's difc' the rays which fall parallel 
on G, will be reflefted parallel to H, 

Cor. Hencfi there is no feparation of the rays of 
^* Ught by reflexion^ any thing like what there is by re- 
fraSIion. 

Indeed the moft refrangible rays will be the foon-, 
eft refleded, if they move out of a denfe medium ' 
into a rare one ; as fuppofe a beam of heterogene- 
ous light moves in diredion FG ; fomc of it is 
refraded along GD, and fome along GC, There- 
fore if the angle FGA be diminiftied ; the way of 
the moft refrangible rays, GC, will come to GB, 
and be refleded along GH. But this is nothing 
to the prefent Prop. For it is refleded, becaufe it 
. is impoflible it can be refraded any longer, ' as it 
cannot enter the medium ; and in this fenfe, the 
moft refrangible rays are the moft reflexible. 

PROP. XL 

Whitenefs, or the fun's lights is compounded of all 
the primary colours mixed in a due proportion. 

4. Exp. I. A beam of light beihg*^efraded by a 
prifm, as in Ex. i. Prop. VIII, and made to form 
the image P on a piece of paper. Take away the 
paper, and hold a lens, in the refraded rays, fo as 
they may all fall upon it. This will caufe the co- 
loured light, which diverged from the prifm to 
converge, and jneet again at its focus. If you hold 
a paper behind the lens, the folar image' will ap- 
pear upon it intenfely coloured j and that by re- 
ceding 
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ceding from the lens, thofe colours will come more Fig. 
and more towaf ds one another •, and by mixing to- 4. 
gether, will more and more dilute one another / 
continually ; till at length the paper comes to the 
focus,, where by a perfeft mixture, all the colours 
will wholly vanifh, and be converted into white- 
nefs ; the whole light appearing now upon the pa- 
per^ like a little white circle. And afterwards by 
moving farther frdm the lens, the rays which con- 
verged and met at the focus, will now crofs one 
another there, and diverge from thence, and there- 
by make the colours to appear again, but in a 
contrary order, the red being now above, and the 
violet below. Here then the fun beam SF, which 
at firft was white, is by the refraftion of the prifm 
ABC refolved into its original colours •, thefe co- 
lours, by the refraftion of the lens, are again inti- 
mately mixt, and reduced to their original white- 
nefs. 

Now it is evident this whitenefs is made up of 
all the colours of the image. For if any of the 
colours be ftopt at the lens, the whitenefs will ceafe, 
and degenerate into that colour which is made by 
the compofition of the remaining colours. And 
if the ihtercepted colour be then let pafs, and fall 
upon that compound colour, it will immediately 
reftore its whitenefs by mixing with them. Thus . 
if the blue rays be intercepted, the reft will appear 
reddilh, and then letting the blue pafs, the white* 
nefs is reftored. And if the red be ftopt, jthe reft 
will appear blueiftj j and lettmg the red pafs, the 
whitenefs is again reftored. 

And in making this white, the feveral rays do 

not fufFer any change by ading upon one another. 

For if the paper.be held beyond th'e focus, and the 

red colour be ftopt and then let pafs again, the 

. violet colour on the paper fufFers no change. Nei- 

' ' C 4 ' ^ ther 


\ 
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Fig. ther will the red be changed by ftopping and let- * 
4. ting pafs the violet. . * ^^ 

When the paper is held in the focus, and^he 

* white image there be viewed thro' a prifin, you'll 
have a coloured image like PT. And if any co- 
lour at the lens be ftopt • and let pafs by tuf ns, it 
will difappear and return as often ; but the remain- . , 
ing colours will not fufter any change. One ;i:o- • 
lour then depends on one fort of rays, and another - 
colour, on another fprt. 
10. Exp. I, Make an inftrunvent XY in fafliion of a; 
comb, whofe teeth are \\ inch broad, and diftanoe 
two inches -, and interpofing fucceffivcly the teeth 
of this inftrument near the lens MN, p.l^ed as in 
the laft experiment, you will jftop part of thi' do-, 
lours by the teeth, whilft the reft go on, thro* the 
fpaces between the teeth, to the paper DE, in the 
focus, where it makes a round image. This image 
appears white, when the comb is taken away.; 
but the comb being interpofed, the whitenefs' 
changes its colour to that which goes on thro' the 
comb. And the colour is perpetually fo varied by 
the motion oi the comb up and down, thA in paffc . 

' ing of all the teeth over the lens, the colours red, ' 
yellow, green, blue, purple, do always fucceed 
one another, when the motion is flow. But if the 
comb be moved very quick, that the colours by 
their quick fucceflion cannot be diftinguiftied from 
one another, the appearance xA the (ingle colours 
ceafes, and from a confufion of them all, there 
arifes one uniform white colour. Therefore of the 
whole light which now appears white, by the mix- 
ture of all the colours, there is no . part really 
white. One part is red, another is yellow, a third 
green, a fpurtli blue, a fifth purple. If the im- 
preflions of thefe feveral colours follow one another 
Jlowly, fo that they may be feverally perceived, 

there 
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there is made a diftin^ fenialioii of all the cc^oursFig. 
focceffively. But if the imprefiioDs follow one aiMV lo. 
ther fo quickly, .that they cannot be fcvcrally per- 
ceived, there ari&s out of them all one common 
fenfation, which is neither o£ this nor that colour,, 
but is indifienefit to them all ; andtbis gives a fen- 
fation of whioenefs. Therefore when all the co- 
lours are viewed peffeftiy mixt in the fixrus of the 
lens, this will much more ftir up a fenfation of 
whitenefs. 

Exp. 3. A beam of light being refrafted by a j; 
jprifin ABC, and the fun's coloured image PT made 
to fall on the oppofite wall. If a fpcftator Hand 
at FG, and place another priftn clofe by ABC^ 
and in the fame pofition, and look thro^ it to the 
image PT ; then the colours of it will appear to 
be contradtcd into a round fpot perfedlly white. 
Which therefore is made fo by the mixture of all 
the colours together. 1 ' 

JSxp. 4. Take a large circle or wheel ADF. Di- ii.] 
vide its circumference into 1 2 equal parts ; fet two 
of them from A to B ; that is, make AB two of 
them, BC i, CD 2, DE 2, EF t, FG.a, GA 2. 
Draw lines to the center O. Then paint it, raak* 
ing DOE red, EOF orange, FOG yelloW, GOA 
'green, AOB blue, BOC purple, and COD vJolet 5 
all of as bright colours as can be had. Then pm 
an axis thro* the center O, and caufe the, wheel to 
revolve fwiftly about its axis ; and none of the co- 
lours will then appear fingly ; but the whole will 
appear to be white. And this white will be the 
fuller, as the particular colours are the brighter. 

Exp. 5. Whitenefs may be made by mixing co- 
loured powders together. Thus, put together orpi- 
ment, a purple powder, bife, and verdigreafe, 
thefe being mixt well together, will compound a 
white colour j the quantities of them muft be found 
out by trials, and lefs oV more of each muft be 

taken. 
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Fig. taken, according to. their brightnefs or duUncfs. 
But all powders of this kind, lofe or ftiflc a great 
deal of the light that falls upon them ; and there- 
fore a white cannot be made bright enough of thefe, 
but will appear dulky ; to help this, it muft be 
placed in a ftrong light, and viewed at a diflance. 
From all thefe experiments it appears, that white- , 
nefs is a due mixture of all other colours. 

Cor. I * yf mixture of colours may be made which 
Jhall be like the colour of bQmogeneal light , But it 
will differ in thiSj that the parts of it will be diffe^ 
rently refrangible. 

For almoft any of the prifmatic colours may be 
imitated by mixing the colours on each fide. Thus 
red and yellow make an orange. Orange and 
green make a fort of yellow. Yellow and blue 
make a green. Green and purple make a blueifh 
colour. And blue and violet make a purple. 

■ Cor. 2. Htnce one may know how to make a mi^- 
Sure of coldurs^ that fhall be like the colour of a given 
object. 

' Look at the objeft thro* a prifm, to fee the ob- 
long coloured image of it, which divides the co- 
lour of it into all the fimple colours it is compofed 
of. Take fuch a quantity of every feparate co- 
lour, you fee jn the image, as fhall be proportional 
to its intenfity or degree of brightnefs. And fuch 
as are faint or hardly appear, may be omitted. 
Then mix them together. 

Cor. 3. Jll colours in the world are either the co- 
' hurs of homogeneal light ; or compounded of them. 

This is evident from this and the foregoing Pro- 
' pofitions. 

Cor. 4, A body that refle£I's no colour^ is black. 

Cor. 
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Cor. 5. Hence black is no colour ^ and white is <}//Fig* 
colours. 

P^OP. XII. 

Jf any body be placed in fimple or homogeneal light 
ff any colour ; // will appear of the fame colour. 

Exp. I. Sujtpofe the beam of light SF to pafe ^; 
thr6' the holel F, in the window Ihut, and being 
refrafted ,by the prifm ABC, to caft the image PT 
oh the oppofit^ wall, and to form all the original 
prifmatic colours. Take a bit of paper, and hold 
m the red light, and it will appear red. Hold it in 
the orange, yellow, green, blue, &c. fucceffively, and 
it will appear orange, yellOw, green, blue. Sec. fuc- 
ceffively. 

Take a bit of coloured^ paper, and hold it in tht 
red light, and it will appear red ; alfo hold it in 
. the orange, yellow, green, &c. and it will appear 
orange, yellow, green, &c. refpeftively. But it 
will appear moft luminous when placed in the light 
of its own kind. The roorh mull be dark in try- 
ing this experiment, as well as in ^ the following. 

Exp. 2. The fame apparatus continuing. Take 
cinnabar^ and place it in the yellow light, and it 
appears yellow ; place it in the blue light and it 
appears olue, &c. But place it in the red light, 
and it is moft luminous, this is its native colour. 
Indigo placed in the red light is red, in the orange 
it is orange, in the green it is green, &c. and placed 
in the purple, its own natural light, and it is a- 
moft relplendent purple ; and its fplendor gradually 
diminifties, by moving it by degrees thro' the green 
and yellow to the red. Place a bit of blue ribbon 
in the red light it appears red -, and in the orange,^ 
yellow, green, it appears orange, yellow, or green, 
but faint. Place it in the blue light, and it is a 


moft bright blue* 


Exp. 
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Eg. Exp. 3. The fame tilings itmainiog. If cinmAar 
4. and ultra marine be held together in the red light j 
they will both appear red. But the cinnabar will 
appear of a ftrong luminous relplcndent red ; and 
the ultra marine of .a faint ohfcure and dark red. 
And if they be held together in the blue ligh^ 
they will both appear blue ; but the ultra marine 
will appear of a ftrong lununous and refpkndent 
blue ; and the cinnabar of a faint and dark blue. 
So that, the cinnabar refle6ts the red light much 
more copioufly than the ultra marine does ; and 
the ultra marine refleds the blue light much more 
copiouQy than the cinnabar doth. The lame may 
be tried with other bodies. 

' Cor. I. The colours of all todies arifefrom hencej 
that fome bodies refleSl one fort of rays^ others another 
fort of raysj more copioufly than the reft. And they 
become coloured^ hy refleSing the light of their oxgm 
colours more plentifully^ and that of all other colours, 
more fparingly. 

That this is the only reafon of their colours, ap- 
pear^ from thefe experiments ; and further from this 
. confideration, that the colour of homogcneal light 
cannot be changed by the reflexion of natural bo- 
dies. And therefore they cannot appear coloured 
by any other means than by refle6ting the light of 
their own colour. . ' 

Cor- 2 . *7VV light only that gives cahur to bodies ; 
and they have naturally no e&lour in themf elves. 

For a body cannot be feen in the dark, when 
there is no light. For there is nothing in the body 
but a difpofition to refleft this or that fort of rays, 
which makes them be faid to be of that colour. 
And the rays properly fpeaking are not endued 
with colours ; for in them there , is nothing but a 
certain power or difpofition to excite a fenfation of 
this or that colour in the brain. 

Cor. 
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Cor. 3. Liquors that refleSi any colour y tr<anfmit Fig* 
the other forts. ^ • 4. 

For inftance, a liquor that reflefe the blue light, 
imbibes the red, which will pafs thro' it, if the vef^ 
fel is not too broad. And if there be two liquors 
a red ahd a blue -, tho' either liquor be tr^nlparent 
apart, yet you'll not be able td fee thro* both to- 
gether. For if only the red rays pais thro* one^ 
and only the blue thro* th^ other ; no rays can paft» 
thro* both. Now if bodies become coloured by 
reflefting, or tranfmitting this or that fort of rays 
* more copioufty than the reft ; it muft be conceived, 
that they ftop and ftifle within themfelves the rays 
which they do not refleft or tranfinit. 

Colour of liquors varies with their thicknefe. 
Thus a red liquor in a conical glafs, looks of a pale 
yellow at bottom ; a little higher it grows orange ; 
higher ftill it becomes red ; and where the red is 
deepeft, the glafs is broadeft. And higher it will 
tranfmit no rays ; they being all loft by degrees in 
tlie body of the liquor. And thence it appears that 
red is the ftrongeft light, and will penetrate fartheft 
into ^ fluid. And -this is evident by the,obferva- • 
tions of thofe that dive into the fea ; for the ob- 
jefts look the redder the deeper one goes 5 the other 
rays being reflefted back. 

Cor. 4. Hence the red rays are the firongeji^ are 
leaft turned out of their way^ and penetrate fartheft 
into a refijiing medium. And the reft of the colours 
are weaker and weaker in their order ; the vioUt hdng 
the weakeft. 

Cor. 5. We can make a body to he of any colour 
we pleafe^ ly holdings U in the light of that colour. 


PROP. 
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Fig. 

PROP. XIII. 

^be colours of natural bodies defend upon the Jize 
and denfity of the compounding particles. 

12, Exper. I. Take two obje£t glaflcs belonging ta 
two long telefcopes, one a piano convex, the other 
a double convex. . Lay the plane fide of one AEB, 
upoh the convex fide of the other CE.D. Thea 
looking perpendicularly upon them, you'll fee a 
black ipot in the middle where they touch ; and 
feyeral concentric rings of colours about it, at Z, 
F, G, H, I, A, &c. Thefe rings may be reck- 
oned of feveral orders, by reafon of the fame colour 
coming over again. Thefe orders are as follows, 
I. 2^ black, blue, white, yellow, red. 2. F, 
violet, blue, green, yellow, red. 3. G, purple, 
blue, green, yellow, red. 4. H, green, red. 5. 

. * I, greenifh blue, red, &c. Which colours grow 
weaker and weaker from the center ; and alfo nar- 
rower and narrower. 

!But if the light he made to pafs thro* the glafles 
to the eye, the fpot in the middle will be white ; 
and the orders of colours, going from the center, 
quite contrary to the others. 1. White, yellowilh 
red. 2, Black, violet, blue, white, yellow, red. 
3. Violet, blue, green, yellow, red; &c. The 
black lines between the glafles, at, F, G, H, 1, 
A, are difl:ances in arithmetical progreffion, being 
the places where the fame colour retui-ns, by re- 
flefted lijght, as at the firft trial 

Meafuring the. diameters of the rings m the 
brighteft part, their fquares are found to be in 
arithmetical progreflion of the odd numbers i, 3, 
5, 7, 9, II, &c. And fince one of the glafles 
was plane and the other fpherical ; their diftances. 
at thefe rings, that is, at Z, F., G, H, &c. mufl: 

.be 
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be in the fame progreffion. Alfo mcafuring the Fig. 
diameters of the raint rings/ in the middle between. 12. 
the bright ones; their fquares, arid confequently 
the diftances of the glafles there, appear to be in. 
the arithmetical progreffion of the even numbers,* 
2, 4, 6, 8, .10, 12, &c. And from the known 
radius of the lower glafs, the diameter of any ring 
may be computed, and confequently the diftancc 
of the glafles in that place. And hence the diftancc 
of the glafles in the middle of the firft dark ring, 

was found to be part of an inch. And 
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half of it multiplied by i, 3, 5, 7, &c. gives the 
diftance of the glafles or the thicknefs.of the in- 
cluded air, at vthe moft luminous parts of all the 

bright rings, —- 9 — - — , — ^-— , — ^ , 

178000 178000 178000 178000 

&c. and , — , — , &c. the thick- 

178000 178000 278000 

nefs at the darkeft parts. . 

Exp. 2. Wetting the objefts with water ; as the 
water crept in between them, the circular rings 
grew lefs. And. by meafuring their diameters, and 
from thence finding the diftances of the glafles, 
thefe diftances are found lefs than before in pro- 
portion as 3 to 4; that is, as the fines of refrac- 
tion out of water into air, . 

Exp. 3. Viewing thefe rings of colours in a dark 
room, in homogeneal light, they become more dif- 
tinft. And trying all the prifmatic colours fuccef- 
fively, the red circles will appear to be bigger than 
the blue or violet. The diftances of the glafles, 
at the red and violet circles, are as 14:^ to 9. Thefe 
rings were not now of Various colours, but appear- 
ed only of that prifmatic colour, with which they 
Wjcrc illuminated. And thp light which fell on the 
deep Ipaces between the coloured rings, was tranf- 

. mitted 
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Fig. itnitted thro* the glafles without any variation of co- 
12. lour. From hence the origin of thefc rings is* ma- 
nifefl 5 viz. That the air between the slaffes, ac- 
cording to its various thicknefs, is difpofed in feme 
places toire6c6l, and in others to franfmit the light 
of any one colour ; and in the fame place, tx> rc- 
flcA.that of one, where it tranfmits that of another. 

The diameter of the 6th circle made by the yel- 
low was 4^4^ of an inch. 

Exp. 4. If a little foap be agitated in water till 
it diffoive, and a bubble of this water blown up, 
and cbVered with a glafs, to keep it from the air. 
You'll obferve the bubble grow thin at th<: top, 
by the continual' defcent of the water. The bjub- 
. ble at laft will grow fo thin at top, as to tran&ut 
the light and appear black. Then obferving the 
bubble by rcflefted light from the f^cy, the black 
fpot will be encompafled with the fame coloured 
circles, and in the lame order, as in the firft expe- 
riment. As the water defcends, and the bubble 
grows thinner, the rings continually grow bigger 
till the bubble burits. 

If the bubble be viewed by light tranfmitted 
thro* it, all the colours will be contrary. Therefore 
it appears that altering the thicknefs of a very thin 
plate, the colour is altered. 

Exp. 5. Take very thin plates of ifinglafi, 
talk, or mufcovy glafs, that fhow the colours; 
then by wetting thefe plates, the colours remain 
the fame as berore, only they become more faint 
and languid, efpecially when wet on the under fide. ' 
Therefore the thicknefs of the plate to produce 
any colour, depends only on the denfity of the 
plate, and not on the denfity of the inclofmg me- 
dium. But the colours are more vivid as their 
denfities are different. 

Exp. 6. Two dbjeft glaffes being laid on one 
another as in experiment.!. If a fpeftator tooks 

obliquely 
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obliqxiel^ at them, the rings of colours will be in- Fig^ 
creafed. in bignefe. Hence the colour of fome 
plates will. c;hange by changing the pofitipn o£ the 

From all thefe expcrinients it is plain, that thp 
colours of bodies, depend upon the thjcktiefs and 
dcrifity^ of the particles that compofe. tliem. 

Con I. Hence if the ienftty brjize cf the particles 
in il^ Jfitface of a Iro^be^ci-d^ea'y the colour is like* 
wife changed. 

Cor. 2.« fTUn tie tUcinefs of the pi^riicles cf s 
hod^ isfucbj that one fort of light or colour is refleiU 
ytd ; anqrbir light tfr other coloiirs wifl be tranfmtt^ 
ted. Andtbertf&re the hdji - will appear of thefiffi 
Tobmir. 

This apt>eirs by Eaqper/ 1. where the tranfmit- 
tffd light is diffctent from the rdfle^ed iigfit. 

Cor. 3. ^e thicknefs of a plate of air^ between 
M»o gl(^Sy which r^eSs a deepyeiUw% mu^ be 

.^J[ — , or , ? ■>» or — 2 — y ice. parts of an 
178006 178006 178000 

inch. And that of a plate of water between two 

glaJJiiy will be ^ of if. 

This is plaSn by the rft experiment, for the 

thicknefs of the plates of air ; and by the 2d, for 

-diofe <i^f water. 

Cor. 4. The tbieknefs of any. plate refieSing red^ is 
'to the' thf^knefs of the fame plate r^Sif^ violet •, as 

Ijg to 12^ 

For by Exp. 3. they were as 14^ to 9. 

Cor. 5. Hence the tbifknefs of a opiate fnt^ he fucbf 
ih<it it will reflet different colojurs. 

If r, >, . be the t;hickneffes of plates that reflefl: 
rW and violet'. Then (Cor. 4.) lir and i^v will: 
be thicknefles of plates that refleft both. 

D Cpr. 
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Fig* Cor. 6. The parts of hdies and their fores^ muJI 
■ not he lefs than a certain bignefs to make tbem coloured. 


For if a particle be thinner than 


part of 
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an inch, it can reflcft no yellow (by Cor. 3.) an4 
the like for others. In which cafes the light will 
be tranfmitted, and the body be tranlparent. 

Cor. 7. ^be particles of bodies refleS rays of one 
colour^ and tranfmit tbofe of anotber. And tbis is 
the ground of all tbeir colours. 

This appears from experiment the firfL 

* * 

V Coh 8. Tbe bignefs of the compounding particles 
of natural bodies may be conjeSured by tbeir colours. 

We are let into this by Exp. i. And from hence 
a table may be made^ of the feveral orders of co- 
lours, to form our judgment by. Such a tabic 
you'll find in Sir J. Newton's Optics, pag. 206. 

Con 9. ^be caufe af refleBion^ is not the impinge 
ing of light on the folid parts of bodies. But it is 
done by a certain power y uniformly diffufed over the. 
whole fur face of the refleHing body. 

For in paffing of light out of clafs into air, 
there is a reflexion as ftrongas out of air into glafs, 
or ftronger; and far ftronger out of glals into 
water. And air is not likely to have ftronger re- 
flcfting parts than water, or glafs. And the re- 
flexion is as ftrong or ftronger in vacuo. 

Again, if light pafling out of glais into air, fall 
at a greater angle than 40 or 41 degrees, it is all 
refleded, if more perpendicular it is tranfmitted. 
Now it is not to be imagined, that light at one 
angle of incidence Ihould meet with pores enow to 
tranfmit it ; and at another incidence little diffe- 
rent, fliould meet with nothing but par6 to re- 
flea it. 

Like- 
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Likewijfe in the pafling ot light out of glafs into Fig. 
air ^ atf a certain incidence the blue is reflefted, and 
the red tranfmitted. 

Again, where the glafles touch, there is. no fen*^ 
fible. reflexion. 

Likewife at particular thickncfs of plates, which 
arc in arithmetic progreffion, there is no refleftion 
but *a tranfmiflTion. 

Laftljr the fitiall protuberances, left after polifh- 
ing, being innunierable and infinitely fmall ; would 
throw the light in aU diredions. All theie things 
fliew, tliat the reflexion is not caufed by impinging* 

Cor. 10. Bvdi^s reflet and reftaS U^bt by one and 
the fame power. 

For when light goes put of glafs into air, as ob- 
^lique as it can ; if its incidence be made more ob- 
lique, it is totally reflefted. 

Again experience Ihews, that light is alternately 
reflefted and tranfmitted, by thin plates of glafi 
for many fuccefllons, according to the thickneis of 
the ^lafs, 

Likewife thofe bodies that have the greatefl: re- 
frading power, refled the greatefl quantity 6f 
light. . ' 

PROP. XIV. 

Every ray of light in its faffage thro^ any refraSi' 

if^g f^'^f^^^r ^ P^^ i^^^ ^ certain tranfient' confiituf{on 
or ft ate ^ which in the progrefs of the ray returns at 
equal intervals ; and difpofes the ray at every return^ 
to be tranfmitted^ and between the returns to be re^ 
flexed by it. 

This is manifeft by Esper. i, 2, and 3d.. By 
thefe experiments it appears, that one and the fame 
fort of rays at equal angles of incidence, on . any 
thin tranlpar$:nt plate, is alternately rcflefted and 

D 2 tranf- 
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Fig. tranfmitted,, according as^ the pl&te ihcreales inprd- 
greffion of the numbers o, i, 2, 3, 4, fee. lb that 
at the thickncfs i,. 2, 5, 7, &c. the rays are re- 
fleded; and at the thicknefles 2, 4, 6, 8, &c. they 
are tranfinitted ; and thereby make the rings of" 
light. And this (By Exp. 5.) depends on both the 
furfaces of the glafs. 

Cor. I. The reafon ^hy the furfaces of hbdies re-- 
fieS fart of the light falling on tBemi atid tranfikif 
the reft, is btcaufs fdme rays at their incidence, ta$e in 
fits of eajy reflexion, and others ihfiis of M/y tranf-- 
mijfton : calling the returns of thefe difpofttions of the 
rays, the fits of eafy reflexion or tranf^ijidn. ' 

This appears from the feveral. rings of cdlours, 
made by the objeft glaffes ; and far more of them 
are vifible thro* a. prifm, and always where tAc 
plates are of the thicknefs i, 2, 3, 4, &c. fo thkt 
they return in equal times. 

- Cor. 2. Thofe furfaces whith tifraSi the fdys mjt 
jtrongly in fits of eafy refraSiion 5 do refieSI them Wjft 
flrongly in fits of eafy reflexion. 

* • This follows fr6m the-fornEfgoing, ind Corr9 

and 10, of the laft Prop. 

« • . •* 
Cor. 3. IVhejn rays of a deep yellow pafs perp. out 

cfat^fm^diufH' into airi the interval of the fits of 

' tafy irfflixion are the : — ib part of an inch i . jind 

89000? 

f/ the fame length are thefii^ of eaJy trdnfmijfion. 

- From Exp., i. of Prop; XIII. 

Cor. 4. tVhen a plate is thinner than , 

' . ^ i7«ooo 

the rays .are all tranfmitted. 

This^ appears from the black fpot» Ex. i. Prop. 

Cor. 
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Cor. 5. The intervals, of the fits arejborteji in theFi^. 
moji refrangible rays. 

By Exp. 3/ Prop. XIII. . 

' Cor. 6: All bodies appear tranfparent^ wbofe par- 

ticks atui pores are toi) Jmall tQ caufe any reflexions. 

"••.•■ . . . . ' 

Got. 7* Thjevpudty of bodies arijisfrom the mul- , . 
titude of refiexwns within4biffi. 

Gojr. fl; V^ifej>arfsfif iodiff fn which their ^ 
4?P^^ ^^ v4^^^ tfy^n the medium included in the 
fores. 

For where the thin body is rarer than the am- 
jbiefit aie^um, t^e obliquity ' of t|ie rays Qwk% the 
plou^ Xf> change, fb ,f hat aft ajiy obliquity all forty 
of i^yi^AWill be reflcifted, ^which caufe a vhitenels. 
JJut If t^e thin bbcjLy be much denfer, the colour^; 
ane iittjp change^ hi f b? iAliquity, and fo the co- 
^,ur )wlil ^pcar. 

Cpr. 5. 'The confiituent parts of bodies are the 
^eafeji wbofe colours are moji dilute. ' ^ 

^ For ^ep it indicates a ^higher order of the cq^ 
loprs, as 'b/eing more rabct, according to Exp. i'. 
Prop; X'in. vmerc the farther you recede from the 
center, ;the noore dilute and mixt tlhefe rings are^ 
^nd a table may be made therefrom in order to 
ludge ijy. Such a table you have in Sir T. New^ 
ton^s Pptics, pag. 206. 

Cor. . ip. jl body >kecmnes iranfparmt^ by filling tj^ 
ftnis of it J with a fluid of :tW futne dknjty' with 

for aU the >pasCB being x>f equal denfity, there 
can JDe no isefi^ftion wittoi it, atvi therelbre the 
rays wlU ^o ^nsij; &rward . and p& thro' it. 

.Da PROP. 
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Fig. 

P R O P. XV. 

^ If a beam of light pa^es into any tranffarent bo^^ 
as glafs 5 tart of it will be reJleSied at its going in^ 
ana the reft tranfmitted to the further furface^ where 
, fome is tranfmitted Jhere^ and fome refUSed back ta 
the firft furface. And fo a auantity of tight will bt 
continually refieHed back and forward witHn it, for a 
vaft number of times till it be all loft. Whiyt at 
every point of incidence there is a fart tranfmitted 
into the air. 

Take a glafs fpcculum, ground concave on one 
lidc, and convex on the other, and quickfilvercd 
on the convex fide. And let a beam of light» 
coming thro* a fmall hole in the window (hut in a 
dark room, fell upon the fpeculum. Then hold a 
paper at the center of the glafs, fo that the beam 
of light may pafs thro' a little hole made. in the 
middle of the paper, to the fpeculum, and fo be 
reflicfted back to the hole. Then you'll obfervc 
feveral concentric rings of colours round the holt ; 
like thefe before in the objeft glaflcs by tranfinit- 
ted light. Thefe rings grow fainter as they grow 
larger. Me^uring the diameters of thefe rings, 
they are in the fame proportion as thofe tranfmitted 
thro' objeft glaifes. Viewing them with homoge* 
neal light, they appear more diftin£V, and to a 
greater number. The red are the largeft, the vio- 
let leaft, and fo in order. Placing the eye where 
the rings appear plaineft; the fpeculum will be 
fecn tinged aJI over with waves or coloin*s. From 
aU thefe things, it is plain, thefe rings are made 
by the light rcflefted back and forwards within 
the glafs i whilft fome, being in the fits of eafy 
reflexion, and fome in the fits of eafy tranfmiffion, 
caufed thefe rings of colours. When the quick- 

filvcr 
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(liver was rubbed off the gla(s, there would be the Fig^ 

fame rings but fainter ; and therefore the quick- 

(ilver only increafes the light of the colour^, by in- 

creaiing the reflexion. A metal fpeculum tried, 

• produced no colours ; and therefore the colours de- 

. pend on hpth fur£Eices of the glafs, and the thick- 

. neis betweep them. FitHn what has been faid it is 

evident, that - light unctergoes many reflexions in 

fucceflion within a body, and many refradions out 

. of it for many viciilitudes. ^ ' , 

Cor, I . The outward furfaces of glaffes not only 
refleSl and rrfraSt^ incident lights in a regular man-- 
ner ; but fcatters a part of it in all manner of di- 
regions. , . 

That light is fcattered ' from glafles in all direc- 

' clpns ; is evident from this, that the glafles can be 

leen in all direftions | and therefore the light re- 

, flefted from them, enters the eye, let it be placed 

where it will. 

Cor. 2. Hence the image of a candle mirf hefeen in 
glafsy repeated a great ma?ty times •, //// fy the weak^ 
nefi of the light it vanijbes. 

PROP. XVI. 

» * 

Bodies aH upon light at fmall dijiances^ by attrac- 
tion and repulfion. 

Exper. 1 . Make a hole with a pin in a thin piece 
of lead ; and placing it in the hole of a window 
(hut, let a beam of the fun's light pafs thro' it, in- 
to a dark room. Then will the fliadows of hairs, 
threads, pins, ftraws, &c. be bigger than they 
would be, if the rays of light paflcd by them in 
right lines. And it is the fame thing, whether the 
fmall body be encompaflfed with air or water, &c. 

D 4 The 
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Fig. The Ihadows of fcratches in glafs, and tlM yeiHi in 

it, are broader than they QU^ht to be. 
13. Let X be a hair placed in theb^aQfi; ADG^ 
BEH, KNQ, LOR, rays of light pik^ by die 
fides of it, bent at X, and falting upon me pap<r 
GQ^ TI, VS, the direft light. The light paT^ 
ing neareft the hair, as at D and N, is th^ mdft 
bent, paffing to G and Q, the faitheft ^dimder; 
xhofe that are further ofi; as at £ and O^ are Idls 
bene 'y and fo on, to Tl and VS. Therftfcre the 
force acting upon the Ught is ftrongeft at the.|eaft 
diftante", making die ffiadow (jf<^; and Weakca* at 
greater diftances. 

Exp. 2. The ftadow of all forts of bodies are 
borderjed with three parallel fringes of coloured 
liglit ; .the neareft to the (hadow, Ae brighteft ; 
'and the furtheft very faint. The order ot the 0^ 
lours, reckoning from the innermbft, ire violet, 
blue,, green, yellow, red. So by looking on the 
fun thro' a feather or black ribbon, held clbfe to 
the eye, feyeral fringes of colours will appear. 

E:<p. 3. Let the mn fhine thro' a hole, a quar- 
ter of an inch broad ; place a iheet of paftebpaid 
two or three feet off, blackt over on both fides, 
and in the middle of it,, a hole -1^ of an ihch fquare, 
for the light to pafs thro*. Behind the pafteboard 
fallen the blade of a knife very (harp, to ftpp part 
of the light, going thro* the hole» The knife and 
pafteboard are parallel, and both perp. to the rays. 
Let a part of the Ifght, which paifes by the knife 
edge, fall upon a white ^paper two or three feet 

;diftant; and there will be imade two ftrcanis of 
light ; which will- appear fairer, if the light pa0es 

. thro* a hole in the paper, and fail on a black cloth 
^behind it. One of thefe (liresKns fubterids an an^e 
of about twelve degrees j and is perp. to the edge 
of the knifip:. And placing on<5s eyci^in the ftrieani, 
a line of light will l?e. feeri upon the edge of the 

knife; 


km^; ^aki £t<»^ ^l^^n the eji^e. b 

the ftream. ij. 

' j^9cp. 4. PlScihft ^btjiei" knijfe, ulrith its t^dge' very, 
near and pciraBiif to tl^e fitft. 'If thejr be djlbut 
the 400th part . of ah Inth, the ft|reani of \i^hu 
paffing- between thepft, will part in' die. micMle^ ^na 
ka^e % Aadq^ b^^iiiie^ As the 

knives appl^^c^^ i^elhadoiir'Krpws' broader, and 
tlie flWam.iftai^^ !«!€* end. Hence the 

light that « Icrft Beii t goes, to (iie" iniyer end of the 
ftreatft, and pafftfs it the gl^ateflr q^^^^ frbm th^ 
kniVe^. Arid this cliftapce i[s itboyt the ^ofhpzxt 
<rf an inch, when ijSie ffeaklQw' )beff ins firft to appcaiy 
iAttd the Ji^t whieh pafjfes at jdiftahcts \ch aQa jef^l 
is more and more-bent; and goes, to ^t^ hand 
ifvfiich is fortheft* frorfi the liireft ^ight. A Utdfe 
b^ore the fhadow appear^ the fringes begin to.ap* 
pear, dnfeither 'fide • and as thie knives approach 
thejr €it)w dtftiqdter aod Jailer, till thejr vzmft^ 
the utmoft firft, and the reft in prder. 

'Mtnce one may conclude, that thp »light of the 
firft fringe pafies by the knife, at a greater 4iftance 
than the. 800th part tf ^ inch, tbcfecpnd,at;a 
gref*er diilance, and/ the thircj greater ftijl. And 
tht ^ftreaois of ilight at a le6 diftjance than any c$ 
f he fringes. 

E^p. 5. Take two knives vAih ftrait edges^ 
iand prick them into a ^bo^d, fb ^ to niake aA 
angle with each other, and. fatten them ifo that tfc 
angle niay be invariable ; .let the &ngle be near. two 
degrees. Place thefe in a beani orligHt, in a^dark 
roptn, aboiit the 42d part of an inch woad ; 10 pr 
11 fret diftant from the hole; ancjr let the light 
paffing'bctween their edges, f|ll yeiy obBtjuely tipop 
•a fmooth w4iite rylen at i an inch or an inchdiftance. 
Then you'll fee the fringes made t?y the two edgii 
rf the kinives, run along t^e edges of their IJ^!- 
^ours, in 4inea par^dlel to thefe edges, without grow-* 
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Fig. ing fenfibly broader, till they meet in angles equal 
to that of the knives ; and where they meet they 
end without croffing. But when the ruler is held 
at a much greater diftance, the fringes are narrower, 
the farther they are from the angular point, when: 
they crofs, and then become much broader. 

Hence, the diftancea at which the fringes pais 
by the knives, are nojt: increafed or altered by. the 
approach of the knives. But the angles, in which 
the rays are bent, are much increafed by that ap* 
proach. And the knife which is neareft any ray, 
determines which way the ray fliall be bent $ and 
the other knife increafes the bent. The diftance 
of the edges, of the knives (at the meeting of the 
dark lines between the firil and fecond fringes on 
each fide) is the i6oth part of an inch. Whence . 
half the light paflfes by the edges of each knife, 
within the 320th part of an inch thereof, and fal* 
ling upon the paper makes the fringes of the iha* 
(dow of each knife. And the light which falls 
upon the paper where thefe dark lines meet, pafies 
between the knives, where their edges are more 
^han the 1 60th part of an inch diiitant. 
' The light which makes the fringes is. not the 
fame light at all diitances of the paper from the 
knives* But when the paper is held near the 
knives, the light (that makes the fringes) pafies 
at a lefs diftance from the knives, and is more 
bent, than when the paper is held at a greater 
diftance. 

Exp. 6. If the paper be held at a great diftance, 
perpendicular to the rays ; the fringes of the fha- 
dows will be in the form of hyperbolas, of which 
there will be fix for the three fringes on each fide. 
In any one of thefe hyberbolas, one afymptote i$ 
parallel to the edge of one knife, and its other 
afymptote, is a line drawn perp. to the line which 
bifefts the angle, and pafles thro* the point where 

" ' that 
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' that dircft ray of light cuts trie paper, which ray R& 
paffes throf the angular, point of the two knives. 

•Therefore the angle of the afymptotes of 2l\\ the 
hyperbolas will be in that point, where a line drawn 
from the fun, thro* the angle of the knives, cuts 
the paper. And thefe angles will be all obtufe 5 

' being greater than a right angle by half the angle 
of the knives. And the three hyperbolic fringes 
on one fide are equal to thefe on the other. AU 
thefe .nuy be found, by adtually meafuring the or- 
dinates, &c. and fo proved to be hyperbolas. 

Exp. y. Let the fun (hine thro* a fmall hole 
made by a pin in a plate of lead *, and place a 
prifm at the hole to refraft the light, on the oppo- 
(ite wall. The ihadows of all bodies held in the 
coloured light, are bordered with fringes of the 
colour of that light in which they are held ; in 
the red they are red ; in the blue, blue, &c. And 
the fringes made in the red light are largeft, thofe 
in the violet, leaft; the green ones of a middle 
bignefs. And they were fo at all diftances from 
the fmall body, as a hair, ,&c. 

So then the rays which made the fringes in the 
red light, pafied by the hair at a greater diftancc, 
than thofe which made the violet mnges. There- 
fore the hair in caufing thefe fringes afted alike 
« upoii the red rays at s^ greater diftance, as upon 
the violet at a lefs diftance ; and by thefe a6hons 
difpofed.tbe red light into larger fringes, and the 
violet into fmaller, and middle ones into a middle 
fize, without changing the colours of the rays. , 

When a hair is held in a white beam of the fun's 
light (Exp. I and 2.) and calls a fhadow, which 
is bordered by three fringes of coloured light ; 
thefe colours arife from the various inflexions, by 
• which the rays are feparated, and being feparated, 
produce each its own colour. In this laft experi- 
ment, where they are feparated before the light 

comes 


tfBf ^(^<3^^ ^ ^ ft^ I thie rfid or l^afl: r^fmogibf; rayv 

ijr- W>ft Tcfrangibk ray? ^ % lefe diftancfi, wak- 
.|^ t^^e y^jLei: fringes ^t ^ left riift?OPfe whilft 
jtl)ve red t^Xfkqs three red frjinges at 9 grea,t^r dif- 
.t^f^ce* And tl^ j>tlfer mean ray$ were Hifle^ed ^t 
.pe^.fii^ce^ makipg tlupc ftjiwps ef xh/eif pro- 
jpfirpplp^J?? ^ jwfian diftanccs, xtqbi tkf flwdoif^ 
cof the haur. A^d in the lyl^ite lights thele jcolours 
^e ifD^^^ed by. the varipi^ ii}flpxio;i$ pif the np^ 
and their frwgps appe^ 4U t^eth^r^ tfni the in- 
.liermpfl: fringe hpi^g contigupus tnake one broad 
/ringc, cpmpofed .of all th^e |^o]|9\)iiii in dwe order j 
ttl)e yiolet l]^ing ti^xt the flbadp^r, i^nd jche red far- 
i^ft ofF, and the reft in tbeif , pljipes. An4 in like 
^ppner the middlenio^ fringes cprnffiSs Q/i^ brpad 
^inge, of ^ the^r colours ^ and the autnjpft fring.cs 
(conipoie another broad fringe, like itHe reijb. And 
ihefc are the three frijjgps of ,q>louned Ught, wi^ 
^which the ^^(^s ^f all bodje^ we bfi^der^^d, W 
in Exjp. 2^ 

From all theie es^periment} Jt ^s obvious^ sh^t 
4he ^ay$ of ligl^t are a4ted ^n t^ iome Ibrce or 
Qther that turns them out oi their direct road. 

* ,.1. r* /'* y '* '* 

And as this force bends the riE^ys not initp the jlha- 
4piy pf the body thajc a4ls uppnth^pi, Init from the 
^dowj inthatrefpeditpuit be ^ repuifiveforc^, 
ind (by Exp. lO j^ fl^^ongeft.at the te.aft diftance. 

Cor. I. // isprohable^ that thtf^ of light i^t^ 
points of contfl^ mtb Mia^ and fixtrepefy tfear itj 
l^re aited on iy fin attrqSiive foKCf. ^nd ffi ^r^ater 
diftances with a repul/tv^ pne. 

For if the rays were aded m in ail oafcs and 

circumft^nces by arepuUiye force j the light wpiuiji 

- |J1 be e:xpeUed at pnce .out joi tjne iyp^inpjis bc^y. 

^utit is more probable, that thefc particles of )ig^t 

j^re kept iji the body by fpme atjxadtiyc fprce^ tiJI 

they 


they be Ihakcn off by the vibrating motion of the Pigi 
body, and throw* tfejfond.the reteh of attra6tioA; 
the contrary power of repulfion then begins, and 
drives it away with amazing velocity. Light is 
a&edon entirely by attraftiow, by refraftion ift ^ 
denfe medium, being ihade tow^s &e petpetidi- 
oilar. 

Cor. 2. ^bi^ power wbieb aSsupm Ugh iimf^ 
nitily ftroriger than the force of ^oMfy. 

For the velocity of light bein^ furfvifii^y gtttf^ 
aAd the fmall diftance the aAive force extends to^ 
maikes the time of afting^ fi^iall beydnd all com- 
prehenfidn* And therefore in fuch an infinkdy 
frmll time, the finite force of gravity wovdd have 
iK> minrier of effeft^ 

m 
t 

Cor. 3. Ybe force of repulfion aSing on Ugbt^ de^ 
iredfes ^ery^ fdjt in regard to ibe dijlance ; fo tbat in 
a very fmall fpdce it ieconies notBng. 
. The- force i:^ j^avity dccreafes as the fq«are of 
tiie drftslnce.^ But this force being reduced to »nG- 
thin^ in a very fmall fpace, liiews that it <iecreafts 
fyc rafter than in *that ratiOr 

Gon 4. Hence bodies imd Ugbt nB jmeMidUy up^ 
One ^wnber *, bodtes^ vpoti ISgbt by^^n^ting^ ^'ffi^^njf^ 
.it^¥u^ing^ ofid infieSii^ 'iti ^ Akd U^t upon bo^^ 
ijr \beutfng;\tbiin^ tmd pating^Hl^it punti into ^otion^ 

F6r fld:i<m and ir-^adton ait alwiqrs ec^ual 2aid 
contwy. 

tot. 5. ildck Mies, ^ko Hbt'fobfler hy'^ht 
WdH a)fty other bodies ; land wbitt bodies la fit. 

f6t t!he fight falling on thfctw is not reftefWd, 
l)Ut enters the bodies ; "arid by being often rtfle(?t- 
ed'afld^reffafted within it, excite a brifk* motion 
ahi6ng ^lihe' irttental jparcs^ of it. ' But ^llhe'' bodies 
teheftihaft'bf'the^Bight, and thctrforeiare'faut liV 

P R O R 
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Fig. 

PROP. XVU. 

Tbe motion of light is tut infiantaneous^ but is per' 
formed in time j andfptnds about tight minutes in pajf- 
ingfrom the fun to the earth. 

This is proved from the eclipfes of Jupiter*^ 
fatellites ; . for when the earth is between the fun 
and Jupiter, thefe eclipfes happen about eight mi- 
nutes fooner than they ought to do, by the rules of 
calculation. And when the earth is beyond the 
fun, they happen eight minutes . later than they 
ought to do. The reafon is, the light has a left 
diftance to move over, from the fatellites to the 
earth, in the firft cafe, than in the fecond, by the 
diameter of the earth's orbit. And therefore the 
radius of the earth's orbit requires eight minutes 
of time for the light to pafs thro* it. 

Cor. Jt is very frohahle^ that the rays of light are 
' extremely fmall bodies ^ projeSled with incredible vel(h 
eity from the luminous body. 

For, I . It is the property of a body to move 
thro* fpaces which are proportional to the times, by 
a uniform motion ; and light does this. 2. It is 
afted on by a body, when is is reflcfted, rcfraded, 
and iilflefted ; and bodies can only a6t upon bodie$. 
3. Light caiinot be increafed or diminiflied. It 
can only be increafed in any place, by robbing o- 
ther places of its light ; and it can only be dxmi- 
nilhed by conveying it to a different place. And 
all this may be done with bodies. So that we can- 
not increafe it in one place, but we muft decrieafc 
it in another. 4. Light confifts of parts both fuc- 
ceffive in the fame lines, and contemporary in fe- 
veral lines. For in the fame place one may ftop 
that which conges one iiloment, and let that pals 

which 
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which comes the next moment. And at the fame Fig. 
time, one may flop it in one place and let it pAft 
in another. For that part of the light which is 
ftoptj cannot be the feme with that which is let 
pals. And all thefe properties agree with what we 
find in bodies. 

PROP. xvm. 

If light enters into a denfe medium^ and in its mi- . 
tion in that mediut^x a part of it be lojt^ fo that only 
the fart f gets thro* the fpace a. Then the quantity 
of light which gets thro^^ the fpace na in the fame con* 
tinned medium^ will be ^. 

I take it for granted, that if any quantity of 
light palles into a denib medium, and in moving 
thro* the Ipace a lofcs any part, as ^V thereof; if 
half the quantity of light enters it, it will lofc 4^ 
of that half in the fame Ipace ; or if a quartei^ of 
the light enters it, it ^ill loie ^ of that quarter, 
and fo on. Therefore there will always be a certain 
part of the incident light, get thro* equal ipaces. 

Suppofe then 4 the light, gets thro* the Ipace a \ 
then I df that, or ^ of I will get thro' the next 

fpace tf, that is, — will get thro' 2^, and |- of that 

9I " ■ 

8 


or — 


will get thro* 3tfv^dfo on. Therefore —I 

of the entrin'g light will get thro' the ipace na. 
And inftead of 4 putting p, the quantity of light 
getting thro* the Ipace na^ will be p\ 

Cor I. If I — f be the li^ht loji or dejiroyed in 
faffing thro* the fpace or depth a ; i — -jp* will be the 
Ugbt lofi in paffing thro^ the depth na. 

Cor. ' 


41 LIGHT A*Ji> CO-LOURS- . 

J# tbe l^t iraafiHntei^Qt ^e ^epth^ me; \sS7f^ ip ^. 

tor. gi ^he light traofifiitie^ thro* fbe i^tha^ is 
to the light tranjmitted thro* jbt depkh\naj as i ta 

For the lights tranfinitted arc as p'to p^^ that is, 

ts 1 toX_ or |i**-*4 wherfe' » iftiay be whole or 
P 

, PR<) P. xm. 

•HtH'd^ances cf ti>ev;ifiof!iit. 

« 

For if the eye at anv diftance receive any quan- 
t!t]^ of light, at haff that diftance it will receive 
ftrur times the light, and the piAtrrfe upon the -rd- 
tiria ^1 be fovrr • timei as big, v^^nc6 the -derifitgr 
^ or *bi%htnefs corttinues 1:he faitie. Alfo at a- third 
^art x>f the diftance it receives .ninfe tinife's the lights 
tfid the piftrtre in the eye ^11 bb .ft irie times as 
b%^; *rid therefore the denfity is ftiU the Tame. 

Or in general at — ot the diftanee, » times the 

n . , ' . 

fight C6mes info the eyei and the p'ifture is )i times 
as big, and the den$ty the jGatiie .as-^befone, ^^ecauTe 
n times the light is fpread over » times the fpace^ 

• PR OP. XX^ 

The proportion ^f moon tight to day H^hty, or ibe 
lijght of the fun J at fullmoon^ is as i to ^6 tboufamt 
midrVf. 

For the moon's radius^ is to the tjarth's radius 
as I to 'i^d^^ and fince the radius of the moon's 
orbit is 6o of the earth's radii -, therefore the ra- 
dius of the moon's orbit, or its diftance from the 
earth is 6o X '^•^S or 219 of the moon's radii. 

Nqw 
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Now fuppole equal fpaces at the earth and moon ^ig, 
to be equally illuminated ; and that the whole fur- 
face of the moom was thus equally illuminated, and 
the light refleded therefrom all around, fo far as 
the furface of a fphere palling thro* the earth, 
defcribed from the moon's center} then all this 
fight is fpread upon this furface ; and confequently 
its deniity will be leis in the reciprocal proportion 
of thefe furfaces, or reciprocally as the fquares of 
the diameters. That* is, the denfity of the light at 
the moon (which is fuppofed the fame with day- 
light) id to the denfity at the earth (reflefted from . 
tiie moon) -» as the fquare of 2 19 to i, or as 47961 
to X. But fince in reality, there is not fo much 
light falls on the moon, being no more than what 
fsuls ofi herdiik, and herdifk being but half her he* 
mifphere ; the denfity of light at her furface, upon 
each hemifphere will be t)Ut half as much. And 
it matters not whether any falls upon the oppofite 
difk or not, for (by the rule of proportion) that 
would all be rcflefted to the oppofite hemifphere, 
and does not concern us, - who are oppofcd to the 
full moon. Therefore it will now be, as day -light, 
to moon-light •, fo is 47961 to i, or as 95922 to 1, 
or in round numbers as 96000 to t. 

Cor. I . Moon4igbt is to daj-Ugbt j as half th 
fauafe of the mootfs radius y to tbeffoare of the moofCs 
Jiftancey when jhe is fulL And in the quadratures^ 
as ^ tbefyuart of the moon*s radius^ to t be fquare of 
tbe moorCs diftance. 

After the fame manner may be found the light 
of any other celeftial body, compared with day- 
light } let it be Venus. Let d zz fun*s diftancc 
I from the earth, v zz Venus diftance from the fun, 
a r: her diftance from the earth, r z: hpr radius. 
Then if Venus and the earth were equally illumina- 
ted by the fun, then is her light to day-light : : 

E irr: 
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Fig. irr : aa. But Venus being nearer the fun, ts more 

enlightned in the ratio of — to i ; therefore her 


W) 


U 


light is to' day-light : : ^r y, \ — \ aa \ \ ^ rrdd 


vv 


waa. But fipce in her quadratures, dzzia nearly^- 
therefore, Venus^s light i!s to day-light ; a^ ^rr to 
vv. And that is as i to 804,000000^ nearly. 
Hence, 

Cor. 2, The light of Venus in her quadratures^ is 
lo day-light \ as 1 to 8co millions* 

This is fuppofing the radius of Yenua^ taiher 

diftance from the fun, to be as i to 1420CX' 

' ' • ' - 
Cor. 3. Hence the light of the moon is 8opp s^mes 

as great as the light of Venus ^ ^^tpofi^L ^kyi. both, 
of them refleS alUhe light tbnf fa^s otithenk.^ ^ 
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D E F I N I t I O N S. 

D E F. I. 

'rJA'tOPfRICS, treats about that part of Op- Fig. 

tics, which relates' to feeing, or making the 
pi5:ures oi objefts by refleded light, 

D E F. II. 

A Speculum or ACrror is any polilhed furface^' , 
commonly of glafs or metal, which refledls the 
rays of light ; and may be either plain^ concave^ 
or convex. The glafs ones are commonly quickfil- 
veyed over on the backfide ; to make the reflexion 
ftronger. 

PR OP. 1. 

If a ray of light he refieSeifrom a plain furf ace i 
the angle of reflexion .will bf equal tP fbe angle of in* 
€idence. 

I 

It is fliewn in Prop. XVL that the rays of light 
ia being reflefted or refraded, are afted on by the 
bodies they come near, by repelling or attracting 
th^m. And thefe forces, be what they will, muft 
a6l in lines perpendicular^ to the fiii faces of thefe 
bodys ; and that force mufl: be equal at equ^ dif- 
tances from the refledting or refracting furface. 

E 2 Li^J; 
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Fig. Let AB be the incident ray, GD die reflefted 
i4. one, RS the reflefting furface, FQRS the infinitely 
thin fpace, within which the repulfive force of the 
body is contained, ABmCV the progrefs of the 
ray. Draw an infinite nUmber of lines parallel to 
PQ^or RS, fuch as »/, oq.. Then fince the repul- 
jTive fofce begins at B, it will continually bend or 
infled the ray, into the curve B^i», till it comes to 
its loweft point i», where it will be parallel to the 
reflefting ferface. Afterwards it will recede from 
the plane SR, defcribing the curve mqC* And 
fince the forces are e<qual at the equal diftances o 
and qj n and /, &c* therefore the particle of the 
curve tnqr^iW be equal and fimilar to the particle 
Vih^ and qt to on. And for the fame reafon, all 
the particles of the curve »ijC will be cqUal and 
fimilar to the correfponding particles of the curve 
1fiw^ ; and therefore the whole mqO' will be equal 
•And Bmilar to t;Jie whole moB. And cohfequehtly 
the angles at C and B will be equal ; and the angle 
of reflexion equal to the angfe 6f incidence, being 
their complements. 

Cor. I If a ray of light he refleSied from /inj foint 
#/ a curve fur face \ the angle of reflexion is equal t§ 
the angle of incidence. 

For it is the fame thing as if it was reflected 
iironj a plane touching the curve in that point. 

Cor, 2. ^be ray of incidence and reflexion are both 
in a planey perpendicular to the refleSing furface^ in 
the point of incidence. 

For there is no force ading out of that plane. 

Cor. 3. A ray of light falling perpendicular to nn^ 
furface^ is reflected hack in the fame perpendicular, 
^ut moving parallel to it^ will continue fo. 

Cor. 
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Con 4. If the refleEled ray atO\ return backtbr^Yvg. 
OS^ it will be reHeSed id Bl., 14- 

SCHOL I VM. 

' The curve ^omqC ddcribed by the ray_ of light, 
is fo extremely fmall, that it may twp looked upon as. 
a lipgle point. And therefore the points B ^d C 
may b^ fuppofcd to coincide. 

PRO P. II. 

If rays proeeeding from a radiant point R fiill upon i c-. 
M refleHing plane furf ace PL ; the focus of the refieSl- 
ed rays^ will be at F, in the line RF perp. to the re- 
fieSing furf ace 5 and as far on the other Jide of it* 
"That isVFzz PR. 

For fince RPF is perp. t6 PL ; let RS be any* 
incident » ray ; wd SO the refiedled ray. Produce 
OS backward to F. Theh (Prop, L) <PSR z= 
< LSOzzPSF. Therefore in the right angled tri- 
angles PSR, PSF ; all the angles are refpediively 
equal, and PS common •, therefore RF equal PF* 
Therefore the reflefted ray SO proceeds from F, 
in the perp. RF, fo that PF = PR. And by the 
fame reafoning, if RN be any other incident ray, 
its reflefted ray NH will proceed from F. And 
therefore F is the virtual tocus of all the rcflefted 
t'^s, ^hiph therefore all diver^ from F. 

(?or^ I,, ^e difiaTfce of the focus V from the eye at 
O, is equal to the incident and refle^ed rays taken to- 
getber, OF = OS H- SR. 
, ItoiB^ OF ='OS + SF = OS -f SR.^ 

Cor. 2. Rays converging to F, and refteSled by the 
plane I^L, , eonverge to R. , 

Cor. 3. J^ rays proceeding from an obfeff at R be 
fsfleSed by the plane PL to an eye at Oy tbf objeSl 
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Fig. wi// ^^^tfr /(? ^^ />/4r^J otFj the focus vftbe refieif^ 
J 5, e4 raysj where I bey lafi diverged fropi. 

For we always judge an objeft to be in that place, 
from whence the rays proceed- directly to the eye ; 
which here is. from F. 

PROP. III. 


16. If rays proceeding from a radiant point R, fall Ufh 
\ ly. on any point S of 4 refleSing Aberical furface VS, 

( and F be the focus of the refleSied rays •, /'/ will be^ 

SR : GR : : SF ; CF. C being the anter of the 
Sphere. • '.. ^ 

*| For (fig. 16.) the angle of reflexion CSF .being 

j equal to the .ahgle of iticideqce CSR (Prop. JO > 

therefore the angle RSF is bifedted ; and thoite&rc 
(Geom. IL 25.) SR:SF::CR/CF/ 

And {fig-yiT*) draw FA paralleirtQ RS^ and pro- 
duce CS to B ; and if FSD be the re&e&ed ray» 
then the angle F'SA = BSD =r.{Prpp. I.) BSJR 3 
S AF ; therefore SF = AF. . Then by the fimilar 
triangles CRS and. CFA, SR : CR 2 ; AF or 
r St : CF. f ... 

Cor. I. If the radiating pdinl'-K, and\ the focus 
F, he both on one fide the refleSting furface.. . If the 
rays diverge from one^ thy converge to the other.. 

Cor. 2.,Jftbe^ radiating point -K and focus F he 
on different fides of the refleSing furface 5 if .the rays 
diverge from' one^ they diverge from the other.' . But 
\\ . if ihey converge to one^ they fohverge to the other ^ by^ 

refieHion. 

Cor. 3. If K is at an infinite diflancey tb^ SF = 
CF. . 

For then CR = SR, and confequently CF = 


Cor. 
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'Ckw. 4^ ^ R w» tht radiant poifH ; i»^>&^ /i^ <; fi^* ' 
RSG =CSFvW RSB = ESDv^v^^rtfw,SF, ^r r6. 
PSF, ^i F /> the. focus of the refle3^d rays. . 1 7. 

Cob 5. ^he focus df rays proceeding from any rcy 
diant point R; /j in the line RCV, joining tke 
^ point -R .and the center. . 

por taking Vj zz V§, t^le fociis ia m the place 
wh?r,Ohe rays meet^ which are ^reftedtcd from all 
points of the Wrch Sj. Let RS, • JIj be two corrc- 
Ipondent ones,' then the angles SRF, jRF, b^ng 
equal, and alio RSF and RjF •, thej-efore SF, ^ 
will meet fomewhere in the line RCVj at F. 

Cor. 6. A frkall ohjeEt placed in the center^ cannot 
t^jien^by reflexion. Or the ^e placed h tBt center^ 
fdnfee nothing by reflexion. 

For all the refiefted rays go alfb'to the center. 

PR O P. IV. 

. JfYA be a refleSfing fphericat furface^ whofe ceh- i8^ 
ter is C. ' And if a ray of light RA .{or GA) pa^ 
rallel to CV, fait upon A, dndbe refle5led to F. Draw 
the tangent AT ; then will TF =: FC. 

, For CAT Being a right angle, and (Prop. I.} 
<:; '€AF being =: angle CAR ; we ihall have 

CAT .= RAF 4: FAfi . 

and CAF = RAF 

2 ' ■ 

then by fubtraftioh FAT =FAG =:TAG=ATFv 

I • ■ • . • ■ 2 ■■ - 

therefore TF'= AF = FC, becaufe < CAF = 
CAR,=:A-C|f^v.w.,., . 

-. Cor. I. ^«FGvFA, ft, -aff all equal h'oHe^ 

- • Cor. a. nridft^ AT Bfens ibe angle FAG. 

E 4 Cor. 
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Fig: Cor. 3. If CQ^r: QV, thm Q iV theficuscfthe 
1 5, r^s fatting on V, w /A^ principal f&cus. 

Cor. 4. yfw/ QF ( =: /&a^ TV) is the /pace on 
^bicb all the rajs fall that come from the whole fkr-^ 
face AV- 

^9* Cor. 5- ff AV ^^ ^/y curves and a ray of light 
R A {or G A) i^ r^/f^^^^ i»/e> the line AH. ^ VL 
he drawn parallel to AR^ tf«i AL perp. to the curve 
at A. then AH = HL. 

For produce AL to C, that AC may be the 
radius of curvature in A \ draw CF parallel to VL, 
•and produce AH to interfe<9: it in F>. Then F is 
the focus of the rays reflefted by the circle, paffing 
thro' A, and therefore of the portion of the curve 
at A that coincides with it. Therefore (Cor. i.) 
CF =1 AF, and confeqgently (by fimilv triangles) 
LH = AH, 

Cor. 6. When parallel rays fall on the furface of a 
fphere^ thofe nearefi the vert^it^ have their focus near-^ 
eft the center. 

P R O P, V. 

* 

to. V ^^^ ^^ ^ yi»a// portion of a refieSing fpherical 

zi. A^A^^> ^ ^^^ center^ V its i^ertexi R the radiant 

point J frotn or towards which the rays flow \ F the 

focus after reflexion at A. Then it will be VR : VF 

; ; CR : CF, nearly. 


1 1 


ii 


For (Prop. III.) If A be the point of incidence, 
it is AR : AF -, : CR : CF. But the arch VA be- 
ing extremely fmall, AR = VR, 'and AF = VF, 
very near. Therefore VR : VF ; :CR : CF. 

Cor. The points R, F are conjugate foci to one a^ 
III Mother ; that. isj if R he the ra£ant point, • F wUl be 

the focus ; orifF he the radiant point j R will be the 
focus. Where I ufe radiani points in general fefffe^ 
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ftrtbe point J which the rtpfs etthir diverge fromt «r Fig.. 
icmjergetOy htffre reflexion. 

P R O P. VI. 

If aVA h a Jkall pcrtien of 4 refle&if^ fpbmcal 22. 
Jmjact; whofi center is C, and V its vertex. : And . 
if pa/'ollel rajtSy er tbofefrom.an iftfitdte diftancej as 
RA cr GA, faff upon itj and F te the focus of the 
refleSed rays ; the^ F is in the middle of the radius 
VC, ^VFnFC. 

For (by" the laft Prof).) VR : CR : : VF : CF. 
But bccaufe R is infinitely diftant, VR = CR, 
jherefore VF .= CF. 

Cor. I. Rays diverging from. F 9 the middle point 
the radiusy or converging to F, and rtfieffed bj 
%e fpberical furface VA.; will after reflexion go pa^] 
rallel to one another. 

Cor. 2. A luminous iody placed in F the middU^ 
point of the radius^ will cafi a light to a great diflance^ 
h r^xionfrom the concanH furface, . 


thi 




Con 3. ^he principal focus of a refteHingfpberi 
cal furface y is in the middle point of the radius at 
F. And the principal focal difiance FV, is hcdf (be 
radius. 

P R O P. VIL 

Let Aa he afmallpatt of a refleSling fpberical fitr^ 23. 
face •, C the center^ V the vert ex ^ P the principal 24* 
focus y R the radiating point (or that which the rays 
diverge fromy or converge tOy before reflexion). And 
if F be the focus after reflexion^ then will PRi PC 
cr PV, and PF, be in continual proportion. - , 

For (fig. 23), fince VF — PF = PF + FC, 
therefore VF — FC =: aPF. But (Prop. V.) VR 

;VE 


€o . G AT O P T Rl CS. 

Fig. </ + r : r— /. Vfhencc dr — df zz df + rf, ani. 

'^ dr zz zdf + tfi and reduced, / = .■. . ■ . ^ - , 

ft * 

Cor. I. j^ i/ li if^miif ^Risai a» iff/kiu dif 
tancff then r vm^esj anif = ^r. 

Cor. 2^ If R it en tie concave ^9 dis negaiivi^ 


dr 


. Andmore^ 


Mdfz:.^ ^^ , thatisjzz 

wer^ iff is infinitCy as in a flwe furface^ f s —^/l, 

Cor. 3. If ris, ntgativc^ cr the raffing Jkrface 
ioncave towards R,. fkat f 7 

dr : 


zd 


y that isy f :=:i 


r^id 

¥ • 

Cor, 4. ff AV is concave towards R, W d infi- 
mite^ then r is ne^ative^ andf =: IHL , that isy f 

Cor. 5. j^T. // 1 J i) plane furface^ then r is if^nitey^ 
wdf-zz d. • -^ 

' Aad mmj othef toroHaries may be deduced^ 

> 
Scholium. 

It IS cafy to know whether the focus be real or vir-. 
tual, by the direftion and motion of the rays ; that; 
is, by tneir converging or diverging after reflexion. 

From this gene^ lolution it is plain, that when 
the focal diftance comes out affirmative, it is to be 
taken right forward; but if negative, it muft b? 
uken backward, from the vertex. 

From this Prop, fcveral other Problems may be 

reiblved. — ^s ifit was required to know, what 

muft, be the radius of a fpherc, to reprefent thfs. 

. ' given 
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given obgcft R, at the given fofcUs F. Here ^•.is Fig, 


tQ be found from tht equation /=: 


rfr 


2d+r 


multi- ^5- 


ply by ±d + r and we have 2df+ rf zzdr^ and 

dr — fr = zdfy whence r = ^^^, the radius of 

.J 
the fphere. From this equation, it h plaih, that 

if Jf be greater than, /, the refle&or will be Coii- 

vex towards the objed. But if / be greater than 

J, r will come out hega^tive^ and the refieftor will 

W concave to the objeft. If. ibe equal to/, r 

comes out infinite, and in this cafe, the fpeculum 

muft be a plane furface. 

Agaih, if it be Irequired to find the diftance of 

an oqjea R, from the given fpeculum AV, ^to 

have the focus at the given place F. » Here we 

want to find d^ from the equation / = — ^ — -, by 

multiplying, we have idf + rf zz dr^ and tranC- 

pofing, dr — 2df — rf^ whence d = JL — , the 

r— 2/ 

diftance from a convex fpeculum. But if the fpc-^ 

-. rf 


culum be concave to the objeft, then d =: 

r + 2/ 

Hence in a convex fpeculum if r be greater than 
2/, the objedt will be on the convex fide. But if 
fi/ be greater than r, it will be on the concave fide. 
And if f =r 2/, the diftance of the objeft will be 
mfinitej ^nd/will be the focal diftance of parallel 
rays. 

I The principal focus of a refle6ling fpherical fur- 
face may alfo be found by experiments, as follows. 
I. For a concave refleftor. Hold it direftly 
before the fun, and hold a bit of paper before it 
to receive the reflefted lieht. Move this paper 
back and forward till the white fpot of light be the 
leaft ppifible, and that is the focus. 

. Or,. 
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Fig. Or ihuSj coyer it with fmpcr having fevefal pin 
25. lioles made in it. . Then hold a piece of paper 
before it, and ypn^lf fee fb many white fpots on it- 
made by the light reflected thro' the pin holes. 
Move the paper back and forward, till they all co- 
incide, .and there is the focus. 

2. For a convex refleftor. Cover it with papcr^ 
' having two pin holes made in it on contrary fides. 
Then expofe it to the fun beams, and hold another 
paper before it, having a hole made in it fo big as 
to let the fun's rays pifs thro' to the two pin holes. 
Then you will fee two white fpots of refledled 
light on each fide the hole. Move the paper back 
and forwards, till the diftance of the fpots be twice* 
the difl:ance of the holes in the cover, firft marked 
upon the paper. Then the diftance of the paper 
from the lens is the principal focal diftance. 

PROP. IX. 

« 

2 6. 1/ r fly s flow from one focus ^ of a fpbjroid or hyper ^ 
holoid BA; . they will be reflet ea by the curve furface^ 
info the other focui F. . 

■ 

For (Conicis, B. \: Prop. Xl) the lines AR, AF* 
drawn to the foci <£ an ellipfis, -make equal angle$ 
with the curv^i and therefore the angle, of inci- 
dence is equal to the an^e of reflexion. And the 
lame if true of the hyperbola (ib. B. H. Prop. IXO» 
therefore if RA be the incident ray, AF will be 
the refledted one. 


Cor. Hence P is the real focus in the elliffts^ and 
jflf only a virtual focus in the hyperbola: 


P R O P. 
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Fig. 
PR O P. X. 

I 

if rays R A, parallel to the a^isof a paraboloid B A, 2 7. 
be^ fefleSed by, the fur face thereof y they mil ail b^ rtf 
fleSled intoF the focus of if. 

For (by Prop. VIIL Cor. 3. B. III. Conies), the 
line JFA drawn to the focus, and RA parallel to the 
axis, make equal angles with the curve at A, 
Therefore if RA be the incident ray, AF will be 
the reflefted one. 

Cor. Rays proceeding from the focus F, will be re- 
fieSied by the furface ef the paraboloid^ .paraUei to the 
axis. 

P R O R XI. 

• ' * - - . ' 

JVberever the raysy which come from all the points 
cf an objeS^ meet again in fo' many other points^ after 
they have b^en made to converge by reflexion -, there 
they will mah the piSure of the objeH upon a white 
paper ^ or any white bodyi 

For if PR be any objeft, A^ a concave fpccu- 2 J. 
lum, the rays that diverge from any point (X fall 
upon the fpeculum ha^ and arc reflefted to their 
focus ^, where they all meet, and upon a white 
paper held there give j the image of Q^ In like 
manner the light which diverges from P, will be 
reflefted from the fpeculum to their focus p. And 
all the light diverging from R, will be r^flefted to 
their fpcus r. And thus from every point in the 
objedl:, the light will be reflefted to fo many corref- ^ 
pondent points in the focus ; and will form there 
the pifture pqr^ of the obje<9: PQR> in its proper 
fhape and colours •, but fdmetimes the pifture will 
be inverted ; as in this figure, where the upper 
end is downward, and the right to the left hand. 

. Cor. 


4t 
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Fig. Cor. I. 'The rays of light flowing from all th^- 
J2,B. points of an objeSl PR, paint the image thereof pr if$ 
the real focus q ; and it may befeen there hanging in 
the air^ ly an eye at O, placed at a proper diJlAnce^ 
andjituation to receive the rays coming from it. 

Con 2. The extreme point of the image^ as r, // 
determined by the extreme raj Rr (brawn thro* the 
center C. 

PROP. XII. 


The image cf a right line made by a refleiling plane 
^ \ furfaccj is alfo a right line. 

29* Let AB be a reflcfting plane, PR a right line, 
Q the' middle point of it. Draw Pp, Qjf, Rr, 
perpendicular to the plant AB, cutting it in D, I, L. 
And make Dp = DP, ly = IQ^ and Lr = LR, 
then (Prop. II.) /, y, r, will be the foci of P, Q^ R ^ 
• and pr the image of PR, Whence the figure 
DPQRL is fimilar and equal to the figure DpyrL, 
by conftruftion. And therefore fince PQR is a 
jTight line, pqr is alfo a right line. 

Cor. I. Hence the image of a plain figure^ feen in 
a refle Sling plain furface^ is alfo a plain jigure^ equal 
and fimilar to the figure it f elf. 

For all the right lines drawn in it, are reprefen* 
ted by right lines, equal to thofe in the expofed 
figure. And therefore the figure arid its image 
are equal and fimilar. 

30, Cor. 2. The image of any objeSl^ made by an up^ 
right refleSling plane^ has its parts in a contrary po^ 

fitiotty ihe left fide being to the rights and the right 
to the left hand \ the difference being the fame as the 

feal, and its print on the wax. But in a horizontal 
refleStoTy the objeEt will appear upfide down \ the 

parts lying to either hand^ remaining the fame as in the 

objcH. \ I For 
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For if ABC be a perp. refiedor ; the objeft Fig. 
PQR, making the image pqr^ where P On the left 30. 
being neareft the glafs, will be reprefented hyp 
on the right hand, alfo neareft the glafs. But 
ftanding at D and viewing the upright objcd PQR, 
in the rcfleftor ABC, laid horizontally ; the loweft 
point P, neareft the glafs, will be reprefented by 
the higheft point p, alfo neareft the glafs ; whilft 
R and r are on the right, and Q, q on the left. 

Cor. 3. fFbat has been faid of the image of an ob^ 
yV^, is alfo true of the image of an image. 

Cor. 4. Changing thefttuation of the eye^ does not ' 
at all change the fttuatidn of the image ; it will al- 
ways appear in the fame place ^ whilft the objeSt and 
refle^or are fixt. 

Cor. 5. When an objeS isfeen by a plain fpeculum ; 
its image appears as far behind the fpeculum^ as the ob^^ 
je£l is before it. 

PROP. XIII. 

If AY a be a fphericaJ refleSor^ the objeSl PQR an ^t. 
arch of a circle^ having the fame center C, its image 32. 
pqr^ hf refiexiony will alfo be an arch of a circle^ ha- 
ving the fame center C. And its image will be direH 
or inverted^ according as it is on the fame or different 
fide of the center C, with the objeil. 

Here p is the focys of P, j of Q^ and r of R. 
Let e^ /, gy be the principal foci, of the points 
A, V, tf, of the reflefting furface. Then (Prop. VII.) 
we have/O: /C (/V : /j,) in continual proportion, 
and ^R : |^ : gr-^ alfo e? : eC-. ep^ alfo in conti- 
nual proportion. But the two firft terms are the 
fame m all, and therefore the laft ; that is fq = 
gr = ep. And iince /C =; gC zz eC^ tlie fums or 

' F ' remainders 
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Fig. remainders \rtil be eqUal, ^ rz rC z= />C, tHcrefiire 

2 1 rf J is th^ aKh of'^ circle whofe center is'C. 

^2. . And fuice the rays crofs at the center C, if tKc 

image be oh ttie fame lidc 6i C as the objeft, it 

will be in the fame pofitioh ; but on di&erent fides,- 

in a different pofition. - • , 


Cor, 1 . 7 he length of the Qpje£l PR, is to the 
ienph vf the image pKf% as CP the ohjeiVs diftance 
;, from the center^ is to Cp the defiance cf the image from 

the center. ' - 

'I Cor. 2. 0)1 the contrary^ if PV^ ^^^ circular objeSl^' 

its image PQR miU alfo be a circular aYch concentric 

ivith the objeSl. 

« 

Cor. 3. The image of a fphttkal furface^ feen by 
reflex ion in a fpherical refletlor faroHel to it^ will ap- 
pear a Jpherical furface^ alfo parallels to il. . , 


PROP, xiy. 

33, If a right line b enlaced dire £lly 'before a concave 

34. refieSicr^ its image will appear concave \ but in a con- 
v^ refiefior, the image will appear cdnvc^. * 

To the center of the glafs C, defcribe the archts 
PQR,^fr; io'^s pqr -may be the image of PQR. 
And Jet theexpofed lines be OQ^or oq^ tangents to 
the arches PQ,-'^?/ in Q and g. Then if the atcK 
■ PQ^be an objeft, the arch pq will be its image. 
Let e^-f^ g^ be the principal foci to the points 
A, \\ a. Then {fig. 33.) we fhall-have (by Prop.; 
VIL) ep: eC i^P, and alfofc' :VC :>0, cdntintial. 
proportionals ; fappofing the image 'of O. There- 
fore epx eP = eC'f in eo X ^O; whence ep : eo i: 
eO '. ^P. And by divifion ep: ep — eo (op) : : eO: 
^©,-:^^p (OP);^ni| alternately >j> leOitop f OP,'br 

,. ep 

— ■% 

tO 
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JL = JI-. But if .JO be alfo a. right line, the ^'S- 
K) OP '^ ^ 33- 

figures 'j>jo and PQO will be fimilar; whence 34* 

:^ would' be = ^ . But ^ is lefs than £t ; ' 

,cF OP OP cp 

for fince ep : ><C : :^C :.tfP, by divifioa ep :eC::eC 
^epipC) :e? — eC (CP), therefore ^ = ^ . 

But ^ is greater than -^; therefore taking their 
equals, -g^ is greater than -^, or -^ lefs than 

_yL. . Therefore flj (the pifture of OQJ will not 

be a right line, but p^ will be l^fs -, and therefore 
cq will be concave towards C. 

On the contrary, if oq (concave towards C) be 
the objeft, the. right line OQ^ will be the pifture. 
But then a right line oq being an objeft, will not 
. have the right line OQjfor its pifture. ^ For as o 
approaches ^, O will .go farther from* P. And 
therefore OQ^(the pidliire of the right line oq) will 
be convex towardsv V, or concave the contrary way. 
So that when. the image appears on the. concave 
■fide of A^, it isalvyays convex towards A^, or 
concave the contrary way, that is, towards the eye. 

Again, fj^. 34*) fince pq is the image of PQ^an 
objoft ; if Qp becomes an.objefl, then as O goes 
further from A, its ipage will advance from p 
towards e ; and therefore the image of the right 
line OQ will be more curve than before, being con- 
vex towards: A V, 

On the contrary, if the arch pq be an objeft, 
the arch PQ will be its image ; and therefore if 
the line oq be an objeft, where approaches nearer 
A, P {the image) will alfo approach nearer A, and 
the image will then be more concave towards V, 

F 2 or 
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Fig. or towards C. - So that in all cafes, a concave re- 
33. Eedor makes the im^e concave. 

Cor. I. The image of a right line is met'e curve 
-jahenfeen beyond any r^Ser; than when fern nearer 
to the eye, or on the fame Jide. 

Cor. 2. Any plane figure fianding direSh/ before a 
toiica^'s refieSor, will appear concave; and before * 
convex one, convex. 

Cor. 3. The image of a jhort right Bu orflane^ 
is nearly a tight line or plane figure. 

Cor. 4. A right line at the center of a concave rff^ 
■ fieSior, will appear a right line. 

For then -!t-SL. 
OP Cf 

PROP. XV. 

35. Tlje ohjeH and its image, fiihtmd equal angles at 

36. the vertex of the refteaor : PVR = pVr, 

Let PR be an objeft, pr its image. Tliro* the 
center C, draw QCV perp. to PR. Draw VP, 
VR, V/r, Vr, and VpA, Rra, paffing thro" C. 
Tlien fProp. V.) VQj Vj : : QC : jC ; : ffimilar 
triangles) PQ^: pq. And fince the angles at Q 
and q are right, the angle PVQ = pYq. In like 
manner RVQ^= rV} ; \»hencel>VR = pVr. 

Cor. Hence the chjefl and its image are equal tt 
Bjie another^ where thej meet together. 


PROP. 
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Fig. 
PROP. XVI. 55- 

J'be linear magnitude or diameter of the objeSt PR» 
is to the magnitude of the image pr •, as the dijiarite 
of the ohjeSi from the vertex of the glafs VQ, to the 
difiance of the image from it Vj. 

For (laft Prop.) the angles PVR and pVr being 
equal, and the triangles PVR and pYr fimilar, we 
havePR:/>r:: VQjVj. 

Cor. I. ^he diameters or linear magnitudes of the 
ehfeSl and image \ are as their diftances from the center 
0f tlfe refleSor. PR : /r : : CQ^: Cq, 

For PR :pr : : VQj Yq : : (Prop. V.) CQ^: Cq. 

Cor. 2. If f he the principal focus ; then the dia-^ 
meter or linear magnitude of the objeEly to that of the 
image ; is as the principal focal diftance^ to the dijiance 
of the image from the principal focus ; or as the dif 
iance of the objeSt from the principal focus ^ to the 
principal focal dijiance. 

For we hadPR:/r: : VO: Vj:: CQ^: Cqii 
VO-r-CQ (or CCb- VO) : Vj — Cj (or Cj — 
Vj) : : CV : 2/j : :/V ifq : ;/Q :/V. 

Cor. 3. Hence alfo it follow Sj. that a convex r^- 

ileSlor le£ins an objett. 

Cor. 4. Jlfo a concave refleSlor lejfens an dbjeSt^ 
mhen it is farther from tht glafs than the radius of 
the refteSlor. 

Cor. 5. But a concave refle^or magnifies an ohjeSt^y 
^ben it is nearer to ity than the radius of tbe-rtfieSor: \ 
andjhen only. 

Cor. 6, The image pr is always terminated at py 
ly the esftreme fayVAy which pajfes thro* the center 

F 3 C ^ 
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il ' Y\<^.C of the refieSlor. And if tbe ohje£llfe at an tmmmfe 
' 3^. diftance, it is ferminattd hy the radius CA, drafim 

)1 36. parallel to theextnnu ray PV, a/ /i? vertex. 

If , For when the objed is infinitely 'diftant, PV and 

PCA are parallel. 


S c H o L I'tf w* 


il j ; If it be required tx» find the place of an o^cft, 

'[ that its diameter fhali be to the diameter of the 

tt. I' image, in the given ratio of w to i. It is eafily 

1 done by the Vlllth Prop. For fince*/:/: :in: i» 

I , I therefore — = f z= , whfence id+r = i»r, 

I and id ~ mr — r, therefore d = r, for a 

> 1 . ^ 

l,j.J| convex fpeculum ; in which cafe wiralways greater 

I fjl than [. But if m be lefs than i, then d comes out 

ill negative ; that is, the objcft muft be always on the 

concave fide, to have the image minified. In like 

manner, any two, d, r^ or m being given, the third ■ 

may be found. 

PROP; XVIL 

jfs the difiante of the oljell from the frintipttl foeus 
ef a refieSior^ is to its difianee from the refieSor ; fo 
' the principal focal diftancti to the difiBnti ef the ima^e 
from the refietlor. fQ^. VQ^; : /G : Vq. 

For / being the principal focus, we have (by- 
Prop. XVI ) VQ^; Vj :: PR '; /r. Arid(byCor.2. 
Prop. XVI. 1 PR : ;)r : : /Q :/Vi therefore /O: 
/V or /C : : VQ : Yq. 

Cor. If the cbjeSl and image he e^idifianl from the 
reficSioT \ they isill coincide either in [he tenter or t/tfr— 
tex of the rejletlor, and become equal. ~" 

For if VQ^= Vj, thenyQ^=/C or /V, and Ci 
fclls upon C, or elfc npon V i and then fr = PR, 
P R O f*. 
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Fig* 

PROP. XYIJL 35' 

^ 3.6. 

In^ a., cprnxf^ f^tcujfum^ the image always appears 

[ tteSi^ani. on the other Jtde of^ the glafs^ as in a plain 

fpfculumj, jifid fo^ it does in a concave^ when the ob- 

je£l is between the glafs and the principal focus. But 

^ ' in a cjmavejpeculum^ ^ when the obje£f. is further from 

^ it thatiihe principal/fo£UjS^ the image is on the fame 

^ /jde of the.glafs^ and inverted, in every refpeil. 

.J For j|%. 3^6, 1ft RP be placed ^yhere it will be* 

fpre the convex aAj its image rp will be on the 
^' contrary, fide. And if rp, be an objectj its image 

%t^ will Be <yi the contrary fide, till fy cpmes to/, 
;ori and then Rp'wjll be infinitely dift^nt. Btitwhen 

it is between/* ^nd C (Jl^. 35.) as at q; the image 
^ RPis on the'fame fide: ' Or if RP be the objeA, 

sO"^ ,then the iniage rp is on the fame fide, but inverted ; 
)n^ becaufe the objedt and image are oh different fides 
nftj of t|ie center, where the rays, crofs. And if the 

\W objeft PR be moved to an infinite diftance, the 

image pr will be moved, to/, ftijl on the fame fide 

of the glafs. * 

^ , CoE. I . If the center is between the objeH and image^ 

^r, t^ey either both approach to //,, or both fly from if. 

^^ ^^^ '^-^ ^^ fP^^^^^^ ^ befwem them^ fhey ejtbet both 
i^ approach the fpeculiim^ or both fly from it. 

I^of 0^- 35') wh^^ ^ is between Q^apd j> the 
gf^tjpjr CQ is, the gjeafer is'Cj. And ' (flg. 36.) 
yjipD y is between tbenp, the greater VQ^is, the 




is 



Corl 2. 4s an ohjeS. moves fforn, the glafs on the 

j| cofoxekfide to an tnfmt^ 4ifiarue^ its image moves from 

ff^ the glafs to the principal focus. And as the obje5i 

"^ moves from^ op, in^nite- dijiance on the concave jide^ to 

^.A the. cent(r$ t^ image moves from ike principal focits 

{0^ . ' 
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Fig. to the center alfo-, where tbef meet. And further, if 

35. the ebjeS moves from the center to the friruipal focus ; 

36, ihe image moves from the center, the contrary va^, 
io an infinite dijiance. And as the ebje£I moves from 
the principal focus to the vertex, the tmare moves from 
an infinite dtftance en the convex fide to the vertex alfff, 
where they meet again. 

For (fig. 36.) whilft the objeft moves thro* VQ. 
the image moves thro' Vy to f. And (/|-. 35^ 
whilft the objeft moves thro' QC, the image moves 
chro*/C. AUb whilft the objedt moves thro' C^, the 
image moves thro' CQto an infinite diftance } and 
(fig. 36.) whilft the objeft moves thro' /V, the 
image moves from an infinite diftance thro' QV. 

Cor. 3, Tho' the objeSl be removed to'an it^mte 
diftanccy from a convex glafs, yet the image will enfy 
recede to the difiance of half the radius.^ and will there 
remain. 

Cor. 4. The image is upright or inverted^ according ■ 
as the image and olye^ are on the fame or different 
fides of the center.. 

PROP. XIX. 

To fee the image of an ohje^ made hy asjr fpherical 
Jpeculum 1 the eye muft be placed in the diverging rays, 
at a proper diftance for diftinS vifion, and facing' the 
linage. 

For to fee the image, one miift look at it, as 
one would do at any vifiblc objeft. And therefore 
in order to be fcen, the rays muft diverge from it 
to the eye placed at a proper diftance. Thus to 
fee the image pr (fig. 35.; reftefted froni the con- 
cave f{>eculum Atf, the eye muft be placed fome- 
whcre in the line jCQ. But if PR was the image 
fof the objeft/r;, the eye muft be placed beyond 
Q. Again (fig. $6.) to fee the image rq, reflefted 

by 
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by the convex fpeculum Aa^ the eye mull be Fig.* 
placed without the glafs in the line VQ^. But if fy is 35. 
an objeft, and RP its image, then the eye muft be 36- 
placed in the line VC, on the concave fide. The 
focus Q being only a virtual focus, to which the 
rays only tend to, but never reach. 

Cor. I. // the eye be placed near tbefpeculumj in 
the converging raysy before they reach the image ; it 
wiU perceive the image {of the objeS) beyond the glafs^ 
at the fame diflance nearly as the objeS is before it % 
and of the fame magnitude. 

For the eye being near the glafi, that fmall part , 
of it which reflefks rays to the eye, may be taRen 
for a plane, and therefore the image will, appear, 
as in a plane ipeculum, at the diflance of the ob- 
jed behind it. But the rays that come to the eye 
placed beyond the image, do not fall upon the 
eye in the fame manner ; for they all diverge from 
points very near the eye. 

Cor. 2. If an image be looked at^ with both tyii 
placed very near it^ and in the diverging rays ; (or 
ilfeit cannot befeen at all) ^ it will appear double. 

For the axes of the eyes cannot both be directed 
to an obje£b extremely near ; and the cafe is the 
fame in aU objeAs near hand, as well as this image. 

Cor. 3* Tbo* an eye cannot fee an image in the air^ 
except it be placed in the diverging rays ; yet if that 
image be received on a white paper ^ it may be feen in 
any portion of the eye. 

For the rays refleded from the glafs, to the image 
and beyond it, flow but in that one diredion. But 
when the image is received on a white paper, the 
paper refleds thehi in all directions, wherever the 
eye is placed.. 

* ^ « 

Con 4. If the eye be moved whilfi it views the /- 
mage^ the image will appear to be moved. 

Fdf 


Ifl 


5J4 C A T O P T rigs; 

Fig. For rays from differcnjc . points of thif. Iplwrical 

35. rcfleftpr, will conie fMCceffivel/ to the c;jrc. 

36. ' 

P R O P. 35X. 

35* -5^ tf/r (?i^>^ rp he placed in the principal fof^us. of. m^ 
concave refteSior j its a^arent magnitude to tbe eye^ 
at any place whatever as O, wiU he invariahfy the 
fame ; and equal to the apparent magnitude to the 
naked eye^ when feen from C the center of the fpe- 
Oilumk 

• 

Here R F the image will be at an infinite diftance. 
And {by Cor. i and 3, Prop. VI. j! all the; rays of 
the pencil rBV will be reflefted parallel to one ano- 
ther, ani to the axis aC paffing thro' the center of 
the fpeculum •, and therefore the anglf VOB, which, 
is the apparent magnitude of the image to the eya 
at O, is equal to the angle VC^ or VG^*, which W 
the apparent magnitude of rq to an eye at Gi 
And wis 15 ft), wherever O is, or |:he pl^ce pf the 
^e. 

Cor. I. Hence- the apparent magnitude of a ho^ 
placed in the principal focuSy will always continue the 
fame^ however the eye is moved hackward or forward 
from the reJkSor. 

Cor. 2> The nearer the eye is to the fpeculum ^ the 
more of tbeohjeSl appears \ and the further off^ the 
kfs. - • 

For rays parallel to Cr or BO, that lye beyond , 
O {in reirpeft to C^, cut the refledor in points be- 
yond B, and at laft will mifs the refledor, and 
then the point r cannot be feen there. 

Cor. If the objeH he nearer than tbe principal 
focus, its apparent magnitude grows lefs in going 
from the fpeculum- If it hejurtker off^ it encre^fis. 


For 
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Fof if thrc ob}e6t be nearer, the image is bejnond Fig. 
the fpfecuHim, an(d then OB, Cr CGonverging to a 35* 
point beyond the fpeculum^, nrnkes the angle HOC 
lefs tbto rtq. BW if the c^jefli is furthcf^ off, 
t-hati th^ p^im:ipal fOGUSs tfa^' image i« on the fame 
fide •, a©d then- the rays convprgiiig, to a point be- 
yond O, makes the angle BOV greater than rCq^^ ' 

Scholium. 

Some other phoenomena of concave refleftors^ 
are' thefe that follow. 

1. The apparent .mtgnitude ci a^ object will 
be invariable, wherwer it is placed^ when the eye 
is at the principal focus. 

2. When t\^ eye iribct at av !«& (fiftance than 
the principal focus; as.th&obje&is^ mcnred from 
the ipeculum, the apparent magnitude decreafes. 

3. When the eye is fixt at a gi^eater diftance; 
the apparent magnitude of an objedt in going from 
tk6 fj^culum incre^s, till it comes to « the conju^ 
p^m fOGtis ('of,, the . place of the eye^, and then it 
is infinite, and all confufion. Aod afterwards it ' 
diminifties again, and is inverted. 

4. A man's face in a refleding concave^ io going 
from it, decreafes to the principal focus, and then 
increafes. 

P R O R XXI. 

436v trightmfi $f the ima^B^ pr formed hy the r<p- 35. 
flietiH^amtaM AB^ fr4mtl» kminomcijea PR, is as 

AB* 

— 5P, or as the area of the lens direSly^ and tbefquarc 

of the diftance of the image reciprocally • 

For if the brightnefs of the objeft be given, the 
quantity, of light reflefted from the foeculuni to 
the image, will be as' the magnitude of^ the obje6k 
and of the refleftor diredtiy, and the fquare of tlie 

diftance 


y6 (Catoptrics. 

Fie. diftancc reciprocally. Whence the light falling oh 

PR* V AB* 
35- the image is as — -^- ; alfo the denfity of 

the light, or the brightneis of the image is as 
the quantity of light mreAly, and the area of the 

PR* V AB* 

image reciprocally, or as — — — But fincc 

QV*x^r* 

PR, pr are paralfcl, and (Prop. XV.) the angle 

PVR = pVr, &c. PR : pr.iQV: jV, anil 

Z;^—^ — ^^rrr • Therefore the brightncfs of the 
QV* jfV* *=" 

^r*xAB* _^ AB» 


image is as 


or 


jV*xpr* jV* 


: Cor. i» If ibe brigbtnefs of tbe ebjeSl he increafed 
in afiy ratioy wbicb €all B \ tbe brigbtnefs of tbc image 

ivill tben be as --— B. 

gV* 

. Cor. 2. In very remote obj^Sts^ iff he tbeprinci^ 
pal focal diftance ; tben ibe brigbtnefs of tbe image 

will be as '^-r-Ji. 

f 
' For then V^ becomes equal to/. 

Cor. 3. 7 be brigbtnefs of tbe imagt increafes a$ 
tbe area of tbe glafs increafes j but its diftinSnifs <fc- 
creafes upon tbat account. 

For the rays further from the vertex are reflcfted 
to different points of the axis, as appears from the* 
different proportions in Prop. IIL and V. 


PROP. 
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PROP. XXIL 

Jf a concave fpeculum Aa he held direfffy to the n^s ^ -^ 
•f the fun ; and awf combuftible body be held in the 
principal focus f^ it will be fired by the beat thereof. 

For all the rays of the fun are reficfted into the 
focus, forming there, by reflexion, the irtiage of 
the fun. Which image muft be of an intenfe heat, 
becaufe all the rays that fall upon the fpeculum, are 
brought thither. And the broader the fpeculum 
is, the more rays are contained in that fmall fpace; 
and may be fo increafed by the breadth of the glafs, 
as to burn or melt all forts of bodies placed there 5 
as is plain from numerous experiments. 

Cor. I. The heat generated in the focus oftheglafs^ 
is to the fun*s direS heat ; as the area of the glafs^ 
is to the area of the image, in the focus. 

For the rays that ^U upon the glafs are all 
brought into that fpace, where their denfity is re- 
ciprocally as the areas they are contained in. 

Cor. v2. "ihe degrees of heat in different refleSors^ 
Are as the fquares of the diameters direSly^ and the 
fquares of the focal diftances reciprocally. 

For the denfity of the rays in each, are in that 
proportion. , 

Scholium. 

Upon. account of the rays meeting in that point, 
and burning bodies therein, it is called the focus or 
luming point \ and the refleftor itfelf a burning con* 
rave. For a refledbor to burn the moff inttnfly, fee 
SchoL Prob. V. B. IV. 
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Fig. 
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3 7. . IfxparalUl rays ^RA,- Cy,,j^?»^. nfieSedJrom. axcotir- * 
^^^ (^^r convex) fpherk^l furface Aa^ of a *fmail 
^bight VP, 'Let F. ^a tbejocus^f the extreme, ray A^j 
Q;/i&^ principal focus, ihen the aberration of the 
rays^ in -the length of. the , axis VC, , is ^^qmlj.ohalf 
-the bight of. the. figment •, .QF. = ^YP, .nearly. 

For draw .the . tangent AT. Then, -by the jciatvupe 

of the circle'CP : CV : i/GV : CT.And dividipg, 

XP : CV : : CV ~ CP (VP),: CT — CV (TV). 

'But * VP : being very fmail/ C? .is ;= CV . nparjy, 

^ ^therefore'VP =.VT. :But (Prop.IVj TF = FQ, 

or CF =: 4^ CT. And fProp. YI.; VQ - QC, 

or CQ zz -iCV. Therefore CF — CQ^or FQ^= 

CT^XV ^ TV ^ ;VP ; But (Cor. 4: Prop. 

2 22' 

IV.) QF is the fpace • on which all the rays- fall 
that come from the whole furface A^, that is^ QF 
• is the aberration of the rays in length ; therdftire 
^yP is equal to that aberration. 

Cor. I. The aberration QF = 4-TV exaBfy. 

AV* r 

Cor. 2. ^be aberration QF = — - — , nearly. 


For VP = 1^, and iVP 

2VC 


4VC 

VA* 

4VC" 


Cor, 3. The lateral akerration at the principal focus. 

VA» , 

»j =: , nearly. 

2VC»* -^ 
For the triangles AFF, UQF are firtiUar, whence 
PF : PA : : F(J : CH) ; that is, 4,CV : AV : : 

VA* VA» 

: op = ^, nearly j becaufe AV is very 


4CV 
fmalL 


2VC' 


Cor. 
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Cor. 4. iTbe radius />f thtfphere: being given ; the Fig. 
iihirrations iH lengthy are as the fyuarespftbeditt- 37« 
f^ters^ aiid ike lateral ahefratitmsj^^s' tie tiihs^f: the 
'Simters nf the refieHors ,-• 

PROP. XXIV. 

Jf parallel rays RA, SG, tfr^ refieSedfrom a cm- ^%. 
^tdve {or convex) fpberical fur face Ka j the diameter 
<f the leaft circle of aberration of the raySy is ^ the 
aberration made at the principal focus. '^\ z::^J^Qt), 

Let any reflefted ray GB cut the axis^in L, and 
the extreme ray AF in B. Draw BI perp* to VQ, 
Q being the principal focus. Then fuppofing the 
ray AFD to be fixed ; as the point of incidence Ix 
moves from the vertex V, the perpendicular BI, 
'will firft increafe, becaufe the angle VLG continu- 
Willy mcreafcs ; and afterwards it will decreafe, be- 
caufe the line FL continually decreafes. And when 
^BI is the greateft, it* is" plain, all the rays, on- the 
fame fide, will pafs thro' it -, and then the circular 
fection of all the rays, in that place I, will be the 
'leaft Teftion poifible. To find the point I, or the 
-radius BI. 


LP or FP : PH, 
AP : PF. 
AP : PH. 


By fimilar triangles, LI :.BI : 

and BI : FI : 
and ex equo. * LI f FI : 
'and compounding LI + tl (FL) :TI : : AP+ PK 

(AH) : PH. 
^Again QF : QL : : AT* : PH* (byCor. 4: Prop. 23.) 
' and by divifioti, QF : QF ^QL (FL) : : AP^ : AP* 

— PH*(AHxH^V 
but we had FL : FI : : AH PH 

therefore QF : FI : : AP^xAH : PHxAHxH^. 
or QF : FI : : AP* : PHxl;!^. 

but we had FI : BI : : FP : AP 

therefore QF : BI : : AP*xFP : APxPHxH^ 

or QF:BI : : APxFP: PHxH^. 

But 
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Fig. ButQF, AP, FP are given i therefore BI is tbe 

98. greateft whea FH X Hd is the greateft, that is, 

whenPHzuHfl, =: iAP, and then PJl x Ha = 

iAP. AndfinceAP*: PHxHaCrriAP*;:: 

QF : FI ( = iFQ2) an<J confequcndy HI = ^Qp. 

Cor. I. If Vibe the radhu 0/ the r^Ber, B = 
half its breadth ; then the diameter 0/ the leafi drtle 
ef Serrations caxfei Sy the Ji^e of the ^berieal 

refieSar, wiU he -^^- 

For (Cor. 3. Prop. 23.) QD = X^ = — , 

and 2BI, oriQD = — . 

Cor. 2, The dijiance FI of the Uafi circle of aber- 
rations from F the focus of the extreme ray^ is ^ FQ> 
cr i the difiance from the principal focus. 

Cot. 3. If this circle of aberrations be fet in atj 
ether placCy all the rays will net fafs thro' it. 

Cor. 4. And therefore the circular feSiion cutting 
all the rtefs-, will be greater at ofTf other placCy be~ 
JidesX. 

Cor. 5. The area of the circle of aherratiens, is 
to the area of the glafsi as VA*'tg 64R*. R bei)^ 
the radius of concavity. 

For the area of the glals, is to the area of the 

circle; as VA* to BP, or as VA* to -, or as 

64K-* 
64R+ to B*i B being = VA. 


I 
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PROP. XXV. ,, , * 

Let R he the radiant pointy F the focus of the rays 39" 
falling otAtf the focus of tbofefaUing ittY. C the 

center of the refle&or. Then will FC = S^l6£IL. 
"^ AR*— CR* 

midfC = S^^^rvj ^ *^' dberroHon inU^gth 

« = FC — yc. 

' - ■ 

Let radius CA or CV =: r, AKsz a, CR r= </, 
AF 'r= J8, FC = y. Then (Gcom. II. i§.) a:d:i 

- * 

X : y, za±Jsi = ^, and z rr Z^. AUb (Gcom. IL 

d 

Whence 4rr + dif = o^, and aa-^adxj = ^^t 
vAy = 


Again (Prop. V.) VR (r + 1^ : V/(r — /C) : : 
CR (i/) : C/l And by compofition, r + 2^ : 1/ : : 

r :Cf zz — : — -,. And the aberration = -, 

r + 2 J aa^rrdd 

dr 


r + 2d. 


Gon If On the contrary^ sfF be the radiant poiflt^ 
R tbefocui of rays falling on A^ r the focus of r^rys 
falting onY.\ C the center of the refleSor. Then will 
r^p ~ CFxCA* jf. .^ CF X CA . . 

AF* — FC VC — aCF 

/i&e aberration Rr = Cr — CR. 

For from the equations dz-=z ay^ andrr + ^ = 

dz rr '\^ dy 
AZ^ we have a.= — = ■ ■ * ^ and dzz -nrry -)r 

y ^ 

iyy. Whence 1/ or CR =: — ^— • » 


2« — jy 




fCi r^AIT aETVil C s. 

I-ig. Again (Prop. V.) FV (r~j) : FC (y) : : Vr 
3C* -('' "^^O '• Cr. By dirifion, r — fty :y : : r :Cr = 

-V- ^hmfore Cr - CR ■= --^^ - 1^-^ 

,= R>-. ' ' ■-.■.,, 

. Cpr. 2- if K and F *»« ttr>;ngatf _^«, /w- raj-i 
falling' at A ; then R anify alfor oniF^ wiS gt 
eenjugate foci for rays near the axis at V. Atf^f and 
r, will he further from the vertex than V dHd'K^^ ■ 

■ -That/ Snd r ape ^ijjier from.tJ\e..veri:j^j will 
appe?ir. thus. AC -i-'CR is greatsr:_dia(i .^.i Qiat 
is, VC ■+ CR or r + d is'greatet- than '«, and rr -f 
arii + <^ gffoter tlizn -oi, andrr-+':2td^raier 

flign <jtf — ^yi; Whence^ — i^ is greater thap 

Again, AF + FC is greater thaii'ACzzor VQ 
pr VF + FC, and AF greater tHforVf; that is, 
t is greater than f — ;?', aiid zz greater dian r^ — 
'zry + ry, and zz — t 37 greater than rr- — srji. 

Xlierefore ;;-:i:^ or ^-^^ is greater thah 

rry 
— » that is, Cr is greater than CR. 

zz _^ 

■ Cor. 3. Therefore if "Rt f he ctmju^ati Joci {% 
thi vetlefc V j R W F, w// he confttgate foti to tbi 
feint A.. Md if F and r he coj^ugate foci to the 
vettex V'c'iieA F and R vfill he conjxtgafe fid te ffy 
point A.^- 
Cor-.^i ZhV, r, ht fht cf»f»gaft feci t9 the ver- 

„ , , , . „ VP X rC X 2CK 

fftt y ; tees thiaherraffmSr =: c yt ^ -j^rd- ^ -fja i^ 

/«■ rrtj'tf /«//)^ a; A. 
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For let X = VP, t; = r — ay j and rr = yy ^ Fig. 

iaa + 2jrX FPi.andz* — it-^yy:— TyXr-^y x, 39* 

and Z2 ~ jy = rr — 2ry + ^;c. = ro + ayx! 

Theft Rr = --21- 12 -?' "^ ' 


V ' I i>Jf 



r 

^•^ ^/rx^X2y_;.X?X2y _ 


X, 7.yx — — __ — z. 
V + -— -> 4VJC , ' 


* X; r=« X 2> _ VP X Cr X tCF 




rr— ar» + 2;iy CV*— -aCFxCP . 

* -Cor. 5. If T. he the principal focus. And ki 
TF: TC :.:. 1 : »i that the aherrdtiek Rr = 

TjZH X VP X VT 
''^.+vp ' 


For by divifion TF : TC — TF or FC : : it 

-JL_ =:_2L.. and !21JL=L£ = _^^. And 

(Got. 4.) Ri- = ^^>^^^-y = ^X^X'-y 
^ ' rr-^2ry + 2Ay rr—zry + ztj 


» — iX-J-r* » — 1X4''? 
= -JL., and -i:^ = !IZL£2. 


G a PR O fi. 


t^ C A T O P T » I C ^ 

Fig. ■ / ■ ■ 

■PROP. XXVI. 

40. ^ R^ it the radiant poititt F tie fetus ef ra^ 
faHifig en A, and refieittd hy the com/ex jfecuhaf 
AV,' vihofe tenter « C, / the fetus of rays falling 

m V. ihen will the aherratiet Ff = g-^^^'. 
_ RC XCA 
""2RC— CV' 

Draw RH parallel to the refleAed lay AG, and 
RO perp. to CA pt»iuced. Then <: H =: FAC 
= CAS = RAH, and confequently RH = RA, 
and AO = OH = .^ AH. LetGAorCV=r, 
«;R = d, RA or RH = 1, CF =^ AF = z, 
AG = T, VP = X. 

Then in the triangle RCA, (Geom. U. i%.)dd = 
aoj+rr + atr, and dd — ■ aa ^ rr + vur = 
r + tv X r. And by the fimilar triangles CFA. 
CRH. CR j^ : CF 0-; : : CH rr + atij: CA 
("»■>:: r + 21; Xr {rr ; : dd •^ aa : rr. Whence 

dd—raa 
Mb (Prop. V.)rR(d— r) : V/ {r — Cf) : :. 
CR (d) : C/; And compounding, zd — r : dz : 

r:Cf = _^. And F/ = CF — C/. 

Cor. I. If "K, f he the conjugate foci^ to the vet^ 
ttx V ; then for raysfaUinr on A, the aierration F/ij 
C/ X VP 
CV' ' ' ^_ > / heii^ the focus of r^s falling at V. 

'ty "~ ~ 

For (Geom. II. aj.) CP = r — », and C being 
an acute angle, w ehave in the triangle RAC, aa =z 
Tr +M — 2dXr — X, and iW — M = 2*fr- — ' 

idx 




y 


I 
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SLix — rr. Therefore F/ = <^ ^ Fig;: 

2</r— :rt- — 2<ic . 40, 
■ <^_ „ ■ ^r . . drr ^ . 

2dr — r r ~ zJr + rr >f a^iif . 

• ^ ■ — -^ ' I — . ■; — ' -^ - jfr n: • * 

^dr — rr — a46rX24ir— >r 

adr-^rr — zdxXzdt'^rr -~ — ^ ^ — 

2dr ^mmrr^^ idx 

Cor. 2. LaTbetbtjrkcipaifocus, and CT> 
TV =^. ^Arf /,/ TR : TV : : » : 1.- j-^^ /^ 


xberration Vf = 


« + I 


, I* 

X2/U^Af 


« + 1 


For TR (i -r 4^ r) : TV ^ r) : : » : i, or 2</-. 
r : r : : v : I, and by addition nd : r : -:-«'*f 1 : 

I. ^ Hence m zz ^fLz^ and m + i=H^, there- 

r r , ' ' 

fore ^L±I = ^^ -^ attd^L±^ r i= ^ 
« .2d'—^r 2m . id—mr 

r^/- TUTU ^ CfXde . *« 


/•;!? 


* l| i Km 


' • ■ A. 




.v> -^ 


Xr— X --T-X2/— ir 






» 
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Fig. v.. ... ... 

~~ rcKop. xxvn.' 

41. Ltt ft.^< t£i rMliata ftmfi RA f^ inndmt rej 
falling ufon tbr ^hrriiat hrfauK^'^' M): tht re- 
JltStd raj, C the antcr.q tbt 'rifiiHoTi ttratu CB, 
CDferp. It RA, AD. -jMlelT, t,-lls tbcmii- 
dlt points etAS, AD. Tten if F it Ih foiui »/ 
Ihi rijliattraj^ifwin fiasViT : TA : : TA «r 
tA. : /F. Jf'Awf F «i(# '/(> /iw yimif viir/ from /, 
as R lit^ froBiT- ...., 

Let Rii be. another i^Jhfinitcly near' RA i aFd 
its refleded ray j draw O, A» perp. to R* ; and 
Cdt ^■jj.erp. to Va. Ttien the right aneled iri- 
angles Adij^and hajf are .equal anidiinuui^ for 
<I nah = 'F«V = SflA, and Aa is common, 
thereforcAj^Aj*. Atfo lb the equal right angled 
triangles ACB, ACD-Thd alfo cCi, iCd; CB = 
CD, and O = Cd, ■t)lere^'Br= DJ. And br 
the- fin)i)ar; triangles R?34 IRA»i and FAji FB/i 
R9 : B,A;: ■■. B* or IM : Air.or A/ ji: M) :'AF. 
And. b;.compo|ltion and-tJivifion,. RA + RB : 
RA ^ Rff^ ^ AF + FIT: AF~— FD. Arid 
RA+RB , jtA.-^RB ,, AF+ FD . iAF— FD 

I "-■ " i " ' ■■■;. J ' ,. a 

That is, RT « TA : : A< : <F. 

Cot^i. Tliis frtp^boUijnic o/«sr »n« ASj 

TOif/t r-J-^i- ^ imrvatuf/, ai.A,Js AC, 

Cor. 2. RA : RB : : AE : FD. 

Cor. 3. T anj I a rt th e fed of rat! paraStl tt 
RA, FA. ?,— .,•• -^ 

Cor. 4. «« »!/</& ;m« ef CA ij /it /«f«» of 
rfffs parallel to C A. 


t.n. c A T aprr R 1 c s. sy 

Cor 5. Jf rtrrs fall on tie convex fide^ it is only Fig. 
puttiti^ R en the other ,fide of AVi^and the fmt 41. 
frvportitrn^olds gBod. ■ ■ ■ ■ — •' — ■ — ' 

_.. SctipLiuji, ., 
Altho' it appears l^Ph%).-iX;* and X. that a 
cofiic'^i^^ wijrrefleft^all'caji^: '^\^g ^rqpri>nc 
focus,'' accurately tb t)ie other focus i and therefore 
m flthfniii.rici^ns have cfld^^voiired to crtnd ^hpir 
glafles into the forqj qf ^nap of thft ccuiic feftions, 
. yetthey Ktfr-e'neVir^ucceede'din giTOigthem a true 
figure, nor has ttny Afcthdd ytt&en fUmd out ta 
grind them accurately intotliat form. And if they, t 
could, it would not anfwer their expeftation ; for ■ 
~'^ither the conic feftions, nor anv other curve, will 
refleft the rays ifliiing from any point in the cotla- 

■ teral parts of an objeft, accurately to a fingle point. 
So that if glaffes were truly made in the form of 

-any ofjihe conic feftions, they would not perform 

■ "iiiach- better than thofe of a fphcrica! form. For ^' 
near the vertex of a conic leAion, it nearly coin- 

■ rides with a fphere of a certain radius, and there- 

■ fore in a fmall fegmenr, they will nearly refletfh a- 
'^like. And fpherical glafles are eafily ground into 
' a true form. And therefore confidering all things, 

» fpherical furface is the bell curve, and the m^oli 
commQdious for optical .\;&s of any- 
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Fig. fSlOPTRICS is that piit of Op^cs, .which 
-*^ treats aBout refrattedligh^ artd^^(^^ thing 
that relates t6 feeing th^ mediums, ana 

• tke J)!i6tuites i>f dbjefts rhadc by rc£ra£tioh through 
-them. : -^- •■^^: -■■■ , -•-,■ -^..'^ 

43. -^ ^-^^^ ^ .^ folid' tranfcarent l>bdy as j^, gene- 
rally ofgl^ft,' bdng of luch a fhape, that thle fides 
of It are either flat, or^ t|ie ftgment5 pf ipherical 

"furface^. Of thefe there" arie fcveralfortSj as, i. 
plain on b<5tK. fides. i\ ^lang convex^, being plain 

' on oncf fide and convex ' on ' the other*. 3. Flauo 
concavi^ or plane on one fide and concave on the 
Other. !4. Ddubk convex^ being convex on botii 
fides. 5. Double concave^ being concave on both 
fides. 6. A Menifcus^ being convex on one fide, 
and concave on the other. 

D E f. m. 

The Axis of a lens, is a right line perpendicu- 
lar to both the furfaces, or pafling thro' both their 
• centers. 
5 DEF. IV. 

. • ■ • * 

r The yeriex is the point where the axis cuts the 
furfacc of the lens. 

PROP. 
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Fig; 

PRO P. I. 

If a ray of light AC, faf$ into a refraBiug medium ; 44* 
be fine of inciSmce ACt), is to tit ftnt offefraSiion 
ECF, in a conftaAt ratifi.. ' 

• Xct the ray BC Miitg ni# obliqudv en the i-c- 
^raifting medium MS^ be irefra£led in tne line CN. 
A^nd Ac ray ACI be rcfra^d into the line CE, 
I>raw AlP pert), to MS. imd n^ake, CH = CP^ 
And CL rd CM. And draw HIE and LN perp« 
to CS. A|ui( let the equal lines BC, AG, p^refent 
cHc cquj^ motions of. the rays B and A. Then 
fuppoiihg 15C parallel or nearly coinciding ^urith the 
refraAing plane J let the motion AC b^refolved 
• into the md motiofls, AP, PC; AP being per- 
:ndicukr, md PC parallel to the refracting fur^^ 


^ k a « I 


Then (by Prop. XVI. B. I.) bodies a£t upon. 

light by, the forces of . attrafltion and repullion \ and 

chcfe forces aire drrefted in lines perp. to the fur- 

'facc of ^tfie rcfrafting body MS. Therefore the 

motions of file rays BC,^ PC which are parallel to 

^IS, fuflfer^ no alteratien by *tEe refraftlon of the 

rnedium. Therefore in the very fame time that 

the rays A and B move to C, they would, move to 

J and L without refradion, where CL = CB =; CA 

'mCL But by the refraction of the medium, that 

from B goes to N, and tfiat from A goes to E, in 

the per[>endiculars LN,^ HE, becaufe the parallel 

motion is the fame as before. But (by Cor. 3. 

Prop. XX. Mechan.) the velocities pf the rays 

A, B, which were equal before refraftion, will alio 

be equal after ; and therefore CM = CE. 

Now in the right singled triangle CLN, we 
have S.CLN (MCD) : : S.CNL (NCF) : : CN : 
CL : : CE : CI : : (ip the triangle CEI) S. CfH 

(ACD): 


^t DJOPTR iCiS. :': - 

FigjCACD): S.CEH (ECF). That is, S.ACD the 
44. angle of incidence: &^6F'!the angle of refrac- 
tion : : rad : S.NCF, or in a given ratio. 

, Cor I. If tbt re/ra^fd r/f'^Cie tiarnik SriSfy. 
hack to thr point of 'incideace j // will be refraSed 
into tbt line CA, before defcribed bj the incident raj. 
For the forces th^tbejforc accelerated its motipn» 
fcill now equally retariju . 

Cot. T<^Tbt aniks nf'tncidput itttd refri^onfye both 
in me^flkncy tobi<^ is p^f^,' if? the refra^ing fttrfact 
attbfpoiHtofincidMce.- 

For the- refriftion being made in lines perp. td 
the refistftingfurfaccjirhcre is ho force to caufe the 
tays to deviate frotn that plkne, 

. Cor, 3.! Heteragental Tinys.tf ligbt bave different 
d^rees f^_.refraS^\ -hU'in itny one conj^ered ly it' 
felf^ the Jine of imidaice ii in a given ratio the Jitt 
^refraSion. ■ ' \ .') \ .' " 

Cor. 4. ^ AC bejhe: ieddent ray, end CE the 
refra£ledray% andi/AC fire4iiced cut (he perpendi- 
cular HE in I. Th£» CE : CI : : as fim ef the 
Mgle of incidence : ta ^ie fine of the angle of re- 
fra^ion. 

■ ■ 'Cor. 5J T&tf vekeiiy itf' light- in the firfi medium 
AiDC, ii-tr iti h'^lmijin the fecond medium CFN', 
nithtfmt of the 'ar^le of rtfraBion-t to the fine of l^e 
angle cf-mtidence. 

For it is as AC orC\io-CE. 

Cor. p. ^parallel rays pafk out of one medium irit$ 
another i (hey willvifo he- pardlel after refraSion: 
the refraBing furface ■btag a plane. 
■ - Fprthe rajs beieg piffatiel, they are equally re- 
frafted. 

: ' PROP. 


P R O P. IL ^ 

If hetirogeneal light be refraSed cutJ^.glafs sut^ 
sir ; the.Jlne^ of Mcidenc^^. is to tbcjine^ of refraSion 
of the ieufij and fM^ riffrw^h rajs\ of 50 W 77 

^nd 78. •• ' - ' ' " 


► '- ., • V 
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T\ki is proved ^ experiment thus ; take a glafi 45. 

JppifmB^I^>;wU^f v^pxy^wtpang^^ And flaccit 
o,' that a ray df the fun 'AF ccHhing t^roVa fnndi 
kol^ m&c'window Ihot^ ater the ^prifip^ . niay/^l 
pqpeofdkuliiijff upoBNthcr^^ ^ and^bevBcfnibfibod 
by the oppofitc fi4c ^ T; the ippiV^refrait^Ue ti^js 
to P, aiKktlKkJaftiefr^n^ibfe toT^ Thoil i^BYG 
be perpendicular td tke/lfide-'CBy JbyMneafiuiag 
the angles, aye; TYG and PYG» dib Ones of . 
thefe angles will bbcnmciicnovm ..../.\!.i j ' 
. For exfunplc, if, the angle of the prifm BCP be 



fine is . §24. And die ^gles tiffed aiM PYG wHl 

'be 53 365^'arrdf 54 444vi«^ofe'0^ .80$ and 
.Sic^. 'But .524 and .feg itedyfi*!^^^^ 
one another as 50, 77 and 78- ' '' ' 

Here the angle, of incjd^c^on the plane EC b 

.always equal to the. angfc ot the prifm ]JCD \ but 
it miay be difKcuk to meafott the a^les TYG and 

* 1I^^6 truly, Ibr want of drawing thcf ^)&pendiai- 
W Ito exaftly. Thcfrbfore to dvtnd *aOy err?^, 
take the altitude of ihe ftm, and at the fonc tJnic 
mark the points P, T. Then to the altitude of 
the fun, add the angle of the prifm, which was 
Ihewn to be equal to FYE ; the lun gives the ele- 
vation of the perpendicular YG above the hori- 
zon^ Then if you take alfo the elevation of TY, 
PY abpve the horizon ; thefe taken from the ele- 

- Won'bf K5Y, will give the angles TYG, PYG. 

Cor. 
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Fig. Cot. i. Theat^UPYTf which the toloured image 

^^. fubtatds^ is about i" 8'i, w i" g\ /ubtraSif^ the 

jm's Sameter, 

Cor. 2. In the celourei' image PT, th« lengthi of 
the feverd colours^ reJ, erat^e; yellow^ greaiy bhie, 

nrpU, vielety are fauMd to he 1-y ^ , JL, i_, J., 
^ ^ ' i6 80 15 la 12 

S, Si it if eafy to divide the m»k PYT in thdt 
iS 9 

proportion^ and then there will he had the finis ofre- 
fra£lion at the eetffinej ef all the eolonrs i thaiist 77, 

77T»77t..77t, ?7t, 774. 77^ 7«- 

For the unage u dividea after the manner, of a 
mulical conl, as Sir J. Newton has faund. And in 
ImiUl arches, the differences of the fines are near- 
ly as the difierences of the arches. 

Cor. 3. Jf Ught petfs out ofgkfs into tUr ; thejne 
»f incidence, is ./* the fine of rejraaion of the mean 
tiTfSi as II to 17, eraszote^i j which is a greater 
tefi-aSion than as 2 to $. 

For the mean refrangibk rays are thi^e at the 
Confines of the blue anagrcen> or nearer the green* 
whofe refraftion is 77 i or 77 4* 

Scholium. 

By a like experiment, the fine of incidence and 

refraction of the leaft refrangible rays out of war 

ter into air is as 3 to 4, or as 81 to 108 ; and of 

the molt refrangible, as 81 to 109. 
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Fig. 
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If A, B, C, he three refraUing, medium^ coniain-^ 4$, 
9d i^eiween paralkl furfaces \ am if a ray gf light . 
D£ failing thro* them he ref railed at £ and F» and 
pafs thro* the third in direSion FG. // will Jkffer 
the fame rdfraSion hy faffing thro* A, By Cj as if 
it ivent immediately out of A into C. 

. For let the medium C approach the medium A 
in direftion FE, and the medium B grow thinner 
and thinner, till F fall upon E, and the medium 
B be vanifhed % all this makes no difference in the 
polition'of the line FG. And therefore the re- 
tradion into the medium C will be the fame whe- 
ther the ray pafs thro* B, or goes immediately from 
A to C, without coming into B at all. And th« 
iame likewife appears from experiments. 

Cor. I. Hence if there he never fo matrf refraSing 
mediums . contained between parallel furfaces \ the 
whole ref ration ef a ray is the fame at lafi^ in paf- 
fing thro* all of them j as it would he in pqffing imme^ 
diately out of thefirft intp the laji. 

Con 1. If feveral mediums A, B, C, terminated 
iy parallel planesj he encompaffed on all Jsdes hy fonuk 
ather medium j any ray RD moving out of this other 
medium^ andpaffmg thro* all the refty will einerge pa- 
rallel to itfelfy at coming into this other medium. again \ 
that is J GS will he parallel to RD. 
, For the refraftion is the fame as if all the me- 
(diums A, B, C were away ; and GSJhas the fame 
^ir$(aion. as RD. 
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Fig. 

PROPv IV. 

4^ IfA^BiChi three fHi4lv^s\ Md ihe j^msof in- 
cidence and refrd^teH eui cf A in^o B^ tei^ and b ;* 
and tmt ef A into C^be a eiitd € % tbeniixtfe out of 
B into C^ will be b and r. 

Let the mediums B and C be .enodrnpalTed by 
the medium A \ and let RD be a ray refraded at 
D, F, and G, aiid proce(<Sing to K, Th^n (Prop, fll^ 
Cor, 2-) GK will be parallel to RD. At D, F, G, 
let fall die perpeadiculars LDO^ NFP^ IGH. 
Then by reafim of the paratlek GK> RD, and GH^ 
DL, the angle HGK = LDR. Whence a = 
S.RDL, h =r j.ODF tz B.DFN = S. incidence of 
the ray DFonthe medium C. Alfo a rz S^HGK, 
and coirfequeiitly c = S.FGI = S-GFP =z S. re- 
fraction of the ray into the medimt) C. Thei^ore 
the lines of incidence and refrafkion qui of B i^to 
C, are b and f • 

Example. Jjet A be air, B water, andC glafe.- 
And let the fines of incidence and refriftioa put 
of dr into wat^r be as 4 to 2\ and om: of air .in^- 

to glalsas 17 to iiyor as4 to ifhtpazzj^ 

i = 3, <: = — Y — ' Therefore the fine of inci-^ 
dcnce and rcfra6lion out of water into glafs will be* 

3 and — — — > or as 3 X 17 to 4 X II, or as jjr. 

Cor. If B; C, D, be three mediums y and the 
Jine of incidence and ref ration out of^ into C^ be 
as b to c ; and out of C into D, as r to s. Then 
tbofe out of B into D will be as br to^s. 

For 


J 


B. III. D I O P T a I C S. 95 

. For l^.^s Prop^ the fines of ndcienoe an4 ra- .Fj$. 
fi;a&t6nQai0f C Alitor Bate as ra^dj^) aiidotttilf.^jr. 

C into 0, tgr to /, or is •? to —• <Fhcfeforc thofe^ 

r 

'#tir of -fi ihtg Dr will be as ^ to -i,*or as 3r to a» 

ExalmfL If the fiMi bf .incidence aod lefradion 
om of' ^als into air, be as 20 to 31 ; iuid out of 
air into vnxsx^ ^ 4 to 3. Then the .fines of inci- 
dence and re&afijoa out of ^a& into water, will 
bea^ £OX.4.ta3i X 3^ orois 80 to 93. 

. Tbejpras of Mie^Jp Y^4S Sgbt^ artnearfy as 

iodiei rrfrap vufre tkau ^thers of tbefmne dcnfi^. 

In unifiEinrdy accek^afied motion^; (by Prop. V. 
Cor. %. ' tyfeghan.) if |he body is given, the .velo- 
city is ^ th^ force and time ; and the ^uare <^ 
. tliye velipci^, as force. X time.X velocity ; that is, 
(b^,. Gcffj.F^op; Vl, ib.) as t^e forq^ X fpace de- 
fcnbed, and that is (when the foace is given) as tHe 
ibrce. Let AF* be the refra^^g furface, and let 49^ 
it be divided into an infinite number of equal parts 
terminated by parallel planes paffing thro* A, B, 

C, D, &c- Put tf = AB or BC, &c. /, ^, Jbj Sec. 
.for the forces ading in AB, BC, CD, &c. which 
may be efteemed uniform. Then the velocities 
acquired in falling from reft, thro' AB, BC, CD, 
will be as y^, v/^> \/b'y. and their iquares as /i 
g^ b* But Cby Con '3. Prop. XX. Mechan.) the 
^uare of the velocity at B being /, the fquare of 
the velocity at C is = fquare of the velocity 

^t-^ + the fquare of the velocity in paffing 
thro* BC from reft zz f + g. And the fquare 
•f the velocity at D = fquare of the velocity at 
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Fig. C H" the fquare of the Telocity in paffing thtt>* 
49, CD — /Hr g + h. And £0 on, therefore me ve- 
locity at F = ^f^g + h ^c. zz. fquare root «f 
the force. 
48. Let AB be the refra£ling furface, IG the inci- 
dent ray, infinitely near AC^ and CR the refra£te4 
ray. Let CB = GA, . and BR perp. to CB. Then 
CB (= CI =: 1) is the parallel motion of the ray, 
and BR the perpendicular motion, which is gene- 
rated by the ref raftion. And therefore BR is as 
the fquare root of the refrafting force, as was fliewn 
before \ and the refrading force is as the denlity, 
therefore the fquare of BR is as the denfity of th« 
medium. 

Let the fiAes of incidence and refraftion be as 
m to ». Then we have m : n : : CR : CB =z i, 

and CR =-2, and BR* = CR* — CB* = 22— i. 

n nn 

Therefore in the following table, againft the names 

• of the bodies in the fira column, you have the 

fines of incidence and refraction in the fecond, 

the fquare of BR or the refrading power in the 

third, their denfity or Ipecific gravity m the fourth^ 

and their ratio in the fifth column. 
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Bodies 


Pfeudo topaz 

Air 

Glafs of 7 

AntimonyX 
A Selenitis 

Glafs 

Rock Cryftal 
laand Ciyftal 
Sal Gemms 
Alumn 
Borax 
Niter 
Vitriol 
Ot Vitriol 
Rain Water 
Gum Arabic 
Sot. Wine 
Camphire 
Oil Olive 
Linfeed Oil 
Spt. turpentine 
Amber 
Diamond 


Refraction 


m 


n 


23 14 


3201 32000.000625 


»7 

61 

31 

25 

5 

^7 
35 

22 

32 
303 

10 

3» 
100 

3 

22 
40 

H 
100 


''^?':»«% 


1,699 |4-27 


9 2.568 

41 1.213 
26 1.4025 
16 1.445 

3 »-778 
II 1.388 

24]!. 1267 

1*151 r 

'•345 
1.295 

1. 04 1 

7845 
1.179 

0.8765 

1.25 

1.1511 

27:1.1948 

171.1626 

9I1.42 

414.949 


15 
21 

200 

3900. 
21 

73 
2 

15 


0.001 2 

5.28 

2.252 

2.58 

2.65 

272. 
2.143 

.714 

7>4 
•9 

•715 
•7 


375 
0.866 

0.996 

0913 

0.932 

0.874 

1.04 

I34 
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48. 


I 


0-39 
.52 

.48 


•54 

•54 

•54 
.65 

.64 

•65 

.67 
.70 

•75 
.61 

.78 

.85 

.01 

;25 
.26 

.28 

•52 
.36 


This table of Sir J. Newton's, made from a greaft 
many experiment|;s, fhews that thefe bodies that 
differ from a cpnftant ratio, are fuch as abound 
more or-lefs with oily iulphureous particles. And 
that fuch oily fulphiireous fubllances have a greater 
refra(5kive power than others, in proportion as they 
are of a more fulphureous nature. 

Cor. I. Thefquan of BR is as the denjity of ibi 
medium. 

H Cor. 
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Fig. Cor. *. Rtfrttakn out &f a tbimer midium into s 
48 • thicker J is made towards the perpendicular ; and tbt 
contrary. 

Con 3. fVben liglk p^s §ut ^ a thicJcer int$ # 
thinner medium y if the dbliquity^of the ifUident ray bi 
fo greats that the Jine of its irtcidena lias agreaMr 
proportion to the radius^ tjban As fine of ino^eme t$ 
the fine of rtfraSion \ that is^ ivbeit the fine iif rt- 
JraSiibn would be gresMr than. She rddftis^ IsolMf is 
impojftkle. Then the light will not pafs inia thtt me- 
dium, tut be refieSed bach And tberefort %j^ ^n^iil 
. not pafs ^ut of giafs into air^ ab^ve 42 degrsu of kh 
eidence ; but is rtfieited hack into tbt glafs. 

PROP. Yh t 

\jo. Let AGFO be arty defkfe medium^ AE perh. to k^^ 
' HO an incident r^y^ maHif^ ibe Mn^le HOF i*J^^- 
lyfmalli OB» OC tife r^fraaeU rays, ^einglbi Itdft 
and moji refrangible: ifraw fir parallel fd AOj tut- 
iing OC in ci thrtf c drttw ace^pardllel id A^ 5 tbtn 
in any other aenfe fnedium AGH^ if thf Xeafi refrem- 
gihle rays (of the iftcidint ray HO) pafi /^"D ; shm 
drawing De parallel to jfliO t^ cut ae in t^ the mefi 
refrangible rays wilt pap thro^ r. ! 

Let the. ray OE cut D^ in r^ and i£ HO or OA 
l)e tl!€ Srelecity of tW i¥ft5aeht ray^ t&dn. (Pf Q^. I. 
Gt)r. 5O OB-, OC, OCH 05^ will bctbcvQloeity-of 
the rayis goir^ t# B/ C» O, E4 and^ (Pirop. V. 
Cor. I.) A8* : AD* : : deti% of the fit« medium : 
denfiiy of Sie fecond :: : AC*. : AEV And AR : 
AC : : AD : AE ^ whence AC : CB : : AE : ED. 
> And by fimilar ttisngfe*, He : AO : : (CB : CA : : 
. ED : E A : :) Df : AO.; whence Dr = R: =; D^, 
and r falls upon e in the line abe. Therefore in all 
mediums, where the angle of incidence is a right 
•ngle, the extreme refiP^fted rays will cut the pa-' 

rallels 
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rallels AE, ae, in the points B, r, and D^ ^ mak- Fig. 
ing Bcy De alfo parallel %f^ oqe ^n^her, and to the 50. 
ren-afting furface O A. 

gut t^his 4o?s n^yt tqi^ g«>4 wli?l> ?t^ angl? of 
H>ci(4^i»c? is not a righ$ ^l?gj({;. 

Cor. I . If fhe niedium is fucb^ that the ff^f'an re- 
frangible rays^ are refraSled at an angle of 45^ with 
Q A , then the, rays will be the mofi dij^erfed by re- 
fr^Sion. 

F^r the angle DOE will he greai;eft vhen AQ 
m^es 45 d^rees with a lii^e $-awn firom 0^ bl- 

Cot. 1. A im no$ b^ld titat iktjlm ^ refraOiam 
0f $h$^ lMiif0geHeaus rufifh sre pr^artknali 8.B :S.C 

For that ^fopomcm in iocpnfiftenc mxk 
AB: AC: t AD^. A£. 


Cqsr 8? Nei,t^ d^ff thff ^nj^it^m bddgQfid^ iff 
ffe-^md (ifAfaift$ medim^ fyr SjfetMt infi^et^ies. 

P9r if Ae feetesog^eo^fi v^p at in/cidcnce 9.0, 
j>af5 thro* B, r ; gl; Icfs incjdencies they wiU not pafi 
thro^ D, e ; the; Jine D^ growing perpetually left, as ' 
the angle AOD grows bkger. For \n this cafe, it 

with the proportion AB : AC : : AD ; AE, on 
yfl^isf^ thpxcjiiality^ Br, P^, ctepwdj. 

Scholium. 

If the denfe medium AGHA be clafs, tfcfeii if 
OAfae^o, A ^ will b^ I; 9^ mijwi s:^\Ami 
fiicrni h^Yiag QkA givec^ and tbue 6r^ x)f incid^Sf^i^ 
and' jefradbioD. And tkiiinay ferve. % » IU»d^i4» 
wheod>y ta jneafurc ;^hfi refiraflions of jaithQC ifi^r^ 
diums. ; 
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Fig. 

PROP. VII. 

'52. ^ bomogeneal rojfs be refraSed by a prifm ABC, 
the inclination of the incident and emergent rajs is 
leafi, when the refraSion is equal on both fides^ APH 
= BSR. 

-J In order to J)rovc this, let the angle h\g = ^L/, 
' and let *I, ^I, JI, be three homogeneal rays, paflP- • 
ing out of a denfer into a rarer medium, and rc- 
frafted at I, in the lines IB, IG, ID; draw the 
fines bn^ gOy dp^ and BN, GO, DP. Now it \i 
known, that in fmall arches, thefe arches are nearly 
as their fines, and the increafes of the arches as tht. 
increafes of the fines ; but as the arches increafe, 
that increafe has a greatei^ ratio to the increafe of 
the fine ; and fl:ill greater and greater as : the arches 
become bigger. Npw fince the fines hn^ gOy dp 
have a given ratio to BN, GO, DJP, and their in- 
crements to their increments. And fince AB is 
greater than aby therefore, putting inc.OG for in- 
creafe of OG, &c. we have . ^ greater than 

tnc.og 

— i— or ■ . -^ - , and inc.nb greater than incog, 
inf.nb tnc.nb . ^ 

And r—T^ «n^ch greater than .— rr==r » that is^ 

il — much greater than -., andi»r.»^xDG 

incog'* — inc.nb 

much greater than incog x BG. Divide by incnbi 

and incog (which are not in fo great a ratio), and 

then DG is greater than BG^ Whence the fum of 

the refra&ions AB, AD, is greater than twice the 

refradion AG, into the rare medium. 

-2 Now let the ray PS be refrafted into the lines 

^ PH, SR making the <; APH ;=. BSR. Alfo let 

the 
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the ray PQ be rcfraftcd into PI and QL. Draw Fig. 
PON perp. to CA, and QO, SN perp. CB. Pro- 52, 
ducc RS, HP to V, and JP, L6 to T. Then 
<:OPQ + OQP = C = < NP§ + NSP.= 
2NPS, for O and C, or N and C, make two right 
angles. Therefore the angles OPQ, OPS, and 
OQP have equal differences, and their angles of 
refraftion are OPT, OPV, and OQT. Therefore, 
by what was fliewn before, OPT + OQT is greater 
than 2OP V or NPV + NSV ; and taking away 
the equal angles OPQ^+ OQP = NPS + NSP, 
and there Remains QPT + PQT greater than SPV 
+ PSV, that is, DTO greater than FVS, and 
therefore the inclination KVF is lefs than any other 
inclination LTD. 

Cor. I. Tie greater the ohliquity of the ray IP 
Mtering into fbeprifm^ the greater will be the incli- 
nation of the incident and. emergent ray 5^ DTL. 

This appears from what was proved in fig. 51, 
where the greater the arch is, the greater is the 
tatio thereof to the fine. 

Cor. 2. If a prifm be placed near the bole in a 
"window Jhut^ for a beam of the fun to pafs tbro\ fo 
as to throw the image upwards ; the loweft place of 
the image where it appears ftationary (in turning the 
prifm fiowly about) ^ is when the incident and emerge 
ing rays make equal angles on each fide the prifm. 

Cor. 3. Thire are two pofitions of the prifm^ where 5'3- 
the image will have the fame place j and that is where 
ihe ray paffmg tbro^ it^ cuts the contrary fides at the 
fame angles. 

For if IPQD be the progrefs of th^ ray, and if 
< CGF : = < CPQ, and CFG = CQP. Then 
the fum of the refra^ions of the ray FG, will be 
equal to the fum of the rcfraftions of the ray PQ;^ 
Therefore if the prifm be turned about the axis, 

H 3 tiU 




> 

i 
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Fig. tni the ;ahg!(* IPA hi <*cjiitfl to DQB •, then ihc fif 

53. tvill p4fe along FG ^md go to Dj $s befbrfe it did 
in ^oing along I*Q. 

£2. Cor. 4. /Fi<f« iie angles of incidence and refraC" 
tion are equal on both Jides the prifm ; the angle of 
refrailion NFS is equal to half the angle C ^ toe 
prifm. 

f'or we proved befofe that C i^ equal tO 2Nt*S. 

i> u b p, Viii. 

■ 

54. Beterbgt^i^us rays heihg refraSed by a prifin ABC, 
the mere oblige the incident ray IP is, the lefs will be 
the fipatatim of the rays SL, QL 

Inftead of a more tedious method df demonftra- 
tion^ I fhall compute the progrefs of the rays tri- 
goftometfickHy^ the angle C being 6o% and the 
lines of incidence and refrJt^on otit of air into 
glafe being as 106 to 6S and 69. 

1. Let the angle of incidence AW be ihfimtcly 
finall, then it will tfc 


106 

68 

Rad. 

S.39 54 


-2.0253059 
-i,8325-089^ 


lO. 


9.8072030 


106- 

69- 

*ad.- 


2.02530I9 
1.8388491 


10. 


^mA. 


S.40 37-— 9.81J5432 
the angle OPS. 


the ahgk OPQ^ 

Thefe angles tdtftn frohi (C) 60* leave 20 €, 
and 19 23 for the ^igtes oif 4Acid«K:e «t Qjand S. 
Therefore again. 


.1.8325089 

■2.0253059]. 

95361286 


68 — 

106 — I 

S . 20 6 — 

u. 56 14345 
S.S2 «3t — 9-7289256 

dif. I 444^ 

the rfffs sL) Q/. 


69 

106 

S. 19 


23 


S . 30 59 - 

of ifiiJSpai 


1. 83 8 849 1 

- 2.0253059 
■ 9.5209899 

11.5462958 
► 9 .7074467 


2. Let 
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2. Let /Q be the incident ray ^ thci;i fince, the Fig, 
mod: refrangible ray will return thVo* /QP to I, 54. 
making the angle API infinitely fmall. Therefore 
we, have nothing to do, but trace the leaft refraur 
^ble'ray thro* ^RH- Therefore 

106 ' 3*0253059 

69 ■ ' ■ 1. 8388491 

S. 32 23I. — 97289256 

"•5677747 . 
S. 20 ?4'. — 9.5424689 

the angle RQO, 

Then 20 24^ taken from 60 leai^es 39 35]- for 
the angle of incidence at R, or QRO, therefore 

■ 

6p -.-,— 1.8388451 

106 2.02530^9 

S>39 35^ — 98043520 

ti.i«8296579 
S. 78 .15 -^ 9.99P^o?9 

dMd 7S 15 taken from 90, ieaves tr 45 for the 
angle made by RH and ^I, for the iep^ration of 
the rays at P or R, far ejcceedmg that at Q or S. . 

3. Let the angles at P, Q^be equaU being each 
equal to 60 ; whence thean^e of incidence is 30. 
Then 

' - ^8 *^-^^ 1.8325089 

106 -" 2.0253059 

S.30 — —9.6989700 


11.7242759 
Ss^ i2i —9.8917670 


6^ ^^F-i.- 1,838849,1 

106 — ^ 2.0253059 

S.30 9.698970Q 

i 1.7242759 
S.50 II — 9.8854268 


51 124^ 
50 II 

diff. I it 

And I at doubled gives 2: 03 the whole fep^- 
rion by both jQ^As pf the priim, . whep the angles 

H 4 *at 


} 
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Fig. at P and Qjarc nearly equal, and the rays come on 

54. any fide. 

So that when the rays fall very obliquely, the 
reparation of the heterogeneous rays is only i 44t. 
When their incidence and emergence arc about 
equal, it is 2 03. And when their incidence is fo 
near a perpend,icular, that their emergence is the 
mo£k oblique, it is 11 45. 

PROP. IX. 

S5* If R he the radiant point ^ RP perpendicular to the 
refraHing plane furf ace PA. Then if RA he the in- 
cident ray^ AH the refroEled ray^ cutting RP in F j 
tbeii F will be focuSy fo that FA : RA : : Sdnci^ 
dence : S.refraBion. 

For the angle PR A r= angle of incidence, and 
PFA z= angle of refraftion, and in the triangle 
ARF, FA : RA : : S.FR A : S.PFA : : S.angle of 
incidence : S.angle of refradtion. 

Cor. I. As the fine of refraSion : to the fine of in-^ 
cidence : fo the incident ray to the ref railed ray. 

Cor. 2. If rays diverging from R, diverge from Fy 
after refraStion ; then rays converging to F v)ill con- 
verge to R after refraSion. 

Cor. 3. Parallel rays falling on a ref railing planCy 
are ref railed into parallel lines. 

For R and F being at an infinite diftance.; all 
rays proceeding from R will be parallel to one 
another, and all rays proceeding from F will alio 
be parallel. 

Cor. 4. If rays diverging from R, diverge from F 
after refraHion ; then changing the mediums^ the rays 
diverging from F, . will diverge from R, after refrac- 
tion. Cor. 
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Cor. 5. If rays RA, Ru, falling fiear P, is rf- Fig. 
fraSied from the focus F ; then PP : RP : : SJnci* 56. 
dence : S.refralfion. 

For then FA = FP, and RA = RP, nearly. 

Con 6. If K is an oijeH under water ^ and the Sji 
eye moves from C toD and then to H, fc?f . the ob^ 
je£l willfeem to rife in the ferp. RP, tiU at lafi it 
vanifhes in P. Hence water looks deepeft when looked 
at perpendicularly ; but it appears not then to be fo 
deep as it is^ by a fourth part. 

For when the angle of incidence ARP is 48 : '40, 
the angle of refraftion AFP becomes 90. And at 

C, the apparent place of R will be at F, fo that 
FP : RP : : 3 : 4. or PF = ^PR. 

PROP. X. 

If AV be any refracting fpherical furfaee^ C the cgj 
eenter^ K the radiating pointy F the focus after refrac-- gQ^ 
tion \ then RAxJi^e of incidence : CR xjne of re- 6o* 
f ration : : AF : CF. 61. 

* * • « 

Let RA be the incident ray, AG the refra^ed 
one. Draw FH parallel to CA, cuttrng-RA in H. 
Then <; RHF = RAC 1= angle of incidence, and 
AFH zi FAC =: angle of refradtion. . Put w, n, 
for the fines of incidence and refra£tion« Then in 
the triangle AFH, 
S.RHF or AHF {m) : S.AFH («) : : AF : AH. 

And 
by fimilar triangles, AR : CR ::AH:CF. 
and ex equo, m x AR : n x CR : : AF : CF. 

Cor. I . On the contrary , if the rays go the contrary 
way in the line GA or FA, th^ will be refracted to 
R i and R and F will be conjugate foci. 

Cor. 
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fig. C^T/^* # ^^^ JSfoefgmgfrvm R, mrotrgitt F; 
Sbm '^banging the mediums ^ rofs cmverg»$g to R witt 
diverge from F. Or if rays diwrgin^ /$umf R, <i"- 
verge from F» ^^ ^l^^ ^^^ mediums^ rays (on- 
verging to R, w/7/ converge to F, i?//^ refraction* 
If^ehfaives ihe le^ur of drawing more figures. 

PROP. XL 

58, i^ AV^ heM very fmaU part of a rofr^aing Jfia- 
50. rical fur face ^ C /i&^ center^ R /l»^ radioing point or 
60. t^'^, F /ikf f9cus after rrfraSIioet ; 
6i« S%eniie diftance of the chjett and vertsx RV xfine 

- ^ ' of incidence : 

t>iftance of the obyeS andcenter ^Qyfim efr^a^ion : : 

Diftanjce of the vert en and focus VF : 

Diftance of the caster and focus CF, nearly. 

Let RA be the incident ray, AG or AF the re- ' 
.irafted ray ; then fmcc A is very near the vertex V, 
RA = RV, and AF = VF nearly. And (Prop. X.) ' 
putting m^ n for the fines of incidenGe and rdErac- 
tioB, »X AR:»xCR:: AF:CFi thatis,i»xRV: 
^^KCR::VF:CF. 

Cw. I. if my IT, ie tie fines of incidence and h-^ 

fraaion, tbenmxVR + »xCR :»X VR: :CV: 

VdF. -^ 

This follows from the Prop, by compounding or 

dividing. 

Ctyr. %. If the rays he turned hack again in the Une^ 
* GA, ti>ey will ie refruifled to the focus R j wbicb 
fupplies tbe place of more figures. 

Cor. 3, If m and V lyt on tbe fame fide of tbe re- 
f railing fur face ; r4sys divergit^ from R wiS diverge . 
from F I if tbey lie on different Jides^ they converge 

P R O P. 
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r 


I ; 


' D ! O 1» T R ! C 5^ toy 

Fig. 

PROP. xn. 

parallel rays R A, RV fall up^n any rtfraSing 6t. 
tal furface AV, whofe center is Qi IB ioiU Se 63* 
Kus of^ the refraSed raySy fo tbatj the fine of m- 
fe \Jin^ of refraStion : : AF : CF, 

raw the radius C A, then RAC or ACF is the 

fc of incidence (or its fupplement)^ and FAC 

ftngle of refrnftion. Let i», n^ be the fines of 

dence and refra£tion. Then in the triangle 

KF, S.ACP {m) : S.CAF (») : : AF : CF. 

For. t. If the rays he turned haek in the line GAf 
refraffed at A^ they will emerge parallel. 

Con 2. If AV be any refraSing curve^ AC perp. 
'the curve in A ; and CF paraUtl to R A ; and if 
A he the incident ray^ AF the refraSedrtQ \ then 
JF : FC : SMcidcnce : S^refraSion. 

PROP. XIIL 

• If parallel fays RA, RV, fall on a very fmali part 6u 
/ a re framing fpherical furface Aa^ whofe center is 63* 
b ; and if F he thefocus^ then fine of incidence ifine 
if refra^ion : : VF : CF, nearfy. 

For as AV is a very fmall arch, AF := VF near* 
ly, therefore (Prop. XII), S.incidence : S.refrac« 
tion : : AF (VFJ : CF. 

Cor. I. dfin^ Ji, he the fines of incidence and re^ 
fraSHon\ then m — n : m : : radius CV : VF the 
principal focal diflance from the virtex. 

For w : » : VF (VC 4- CFj : CF j sind by divi- 
jSon, !»•*—»:»:: VC : VF. 

Cor. 
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i^ig. Cor. 2. The focus of parallel rays refraSled ly m 

62. comex fpherical furface of glafs is diflant from tbt 

63. vertex mar three times the radius. 

For m is to n^ nearly as ^ to 2, and m — nxm 
01 as I to 3, 

Cor. 3^. As m — n the difference of the fines \ U 
n the lejf'er : : as CV the radius : to VF — VC, or 
CF the dijlance of the focus from the center. 

PROP, xiv; 

64. If AV be a fmall portion of a refraSing fpherical 
^5* f^^f^^^y C the center^ /, T the principal Joci^ or the 

foH of parallel rays coming out of one medium into 
the other. And if R be the radiating pointy F the 
^ focus V then it willbe^ R/ : RV : : RC : RF j or the 
contrary^ changing the focus for the radiating point. 

Let f», n be the fines of incidence and refrnftion, 
d zi RV, and r == radius CV, Then (Cor. i. 

Prop. XIIL) m-^^nimiir: J^ = VT. And 

m — n 

on the contrary n-^m : n : t r : ^^. zr V/, or 

n — m 

father V/ = _!^, and VT — VC or CT = 

tn- — •» 

I 

. ^^ — r = ^" , therefore V/ = CT, and 


m — — n m *— n 

VT =/C. 


But (Prop. XI. Cor. i.) md^^ nX d + r t md : : 
r : VF (in fig. 64.), or md — nd — nr imr : id: 

VF ; and dividing by m — n^d"^ : - — 1— : : 

iw — w m — n 

J : VF i that is, RV -^ Vt or R/ : VT or /C : : 

RV : VF. And compounding, R/ : R/ + /C 

(RC) : : RV : RV + VF (RF), And (in fig. 65.) 

It 
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it is »</ — «i + r» : indi : r : VE. Whence RV Fig: 
+ V/ : VT of O : : RV : VF, &c. .64. 

Cor. 1. R/ : /C <»r VT : : RV : VF. ^' 

From, the demonftration. 

Cor, 2. R/ : /C : : CT : TF. 
For (Cor. i.) R/ : /C ; : RV : VF : : RV — R/ 
(/V or pT) : VF — /C or VF — VT (TF). 

Cor. 3. R/ : /V : : VT : TF. 

For (Cor. i.) R/ : TV : : RV : VF : : RV — 

R/(fV):VF — VT(TF).- . • '. 

Cor. 4. ijT T, / ^« //>* principal feci^ tf rays pt^ 
fing out of me mediim into the other ; thett CT = V/.- 
From the demonftration. 

* ' ' • 

PROP. XV. 

If AV he d fmall portion of a refraiftng fpbericd 66. 
fur f act \ C the center^ Jl the radiating point or the 
focus of the incident raysy F the focus of the re- 
fraSed rays. And if m =- SJncidence^ n zz S.re- 
fraBion, RV = d, CV = r, VF -f\ tbdn fzz 

I — : — J where if the rays converge^ or A V 

m — nX d — nr 

ie concave •, d or r will be negative. 

For fince the arch AV is very fmall, RA =; RV 
=: ^, AF = VF z:*/. Draw FH parallel to CA,. 
catting RA in H. Then by fimilar triangles RG 
(^;/ + r; : CF (/— r; ; : RA or RV f^ : AH = 

^Ln^, Then in the triangle AFH, S.AHF or 

^ JLm r ' 

CAH (m) : S.AFH or CAF (n): : AF or VF 
a) : AH (^). Whcac. ^ = |=i-^ «. . 

and. 
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Fk. vaA »^ J^ wrf z=i dmf '^ dmr, or m^ — m^ 

^* nrf = miry therefore / = "* 


Cor. 1. / = 




-r^M.d^^nr ,^ md-^nXd-^r 


Cor. 2, j^jf rtfjrj /j// 6>» a concave refraHoTy f =: 


Cor. 3. If the rays cenvetfe /^ R, / ^ 


— mdr 
For/ = = '-f^ — 

Cor. 4. If it be a plain fur f ace ^ f = H — . 

For it is/ = i?^ = — ^, r being infinite. 

— nr n 

Cor. 5. ijf /i»^ r^^ he paralkh f = — - — — ^. 
For then i is infinite, and / = 


m — n.d 

Scholium. 

From this general folution it follows, that Mrfaen 
/ riie focal diftance comes out alErmativei it muft 
bjC taken direflrly forward from V, but when it i^ 
negative, it muft be taken backward towards R. 

In the feme manner that / is fpuiicj from hay- 
ing dy and r, given ; either d or r may be found 
from having the reft given. For example, letrbfe 

^ght. Multiply the equation,/ zi , '^ ^ ".^ 

""bjr 
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by the dcnoimnator md -^nd — »r, an^ we Aalll^ 
llave mdf — tidf — nrf i:: mdr j and tranlpofinff, 6^' 

ma + sff 
And this ihews that when m is greater than fty t 
comes out affirmative, and that the refraftoT is con* 
ipex towards the objeft. B^t ^hen n i$ ^cacer 
than n^ r will be negacive, iand therefore 'tis can* 
cave to the objed. 

Again, let d be fought, having /, r, giyen* 
From the former etfuationy mdf — ndf — nrf =r 
mdr ; by tranfpofing, mdf — ^ ndf — mdr = nrf 

and d zi ' — £ , And itDm hence it ap^ 

mf-^nf-^nfr - 

pears, tliat if mf ht greater ^lan ^ + w, theadf 
Is affirmatives that is, R t^ on the convex fide of 
the ref radtor. Bifft whei» nf ^f»r'^ grattcv diaa ntf^ 
then rf comes out negative, and R is on the concave 
fide of Ih^^tefraaor. Art* if i»/. be ^i^ ^mr^ then 
1^ will be infinite, and F is the fecus of paraDel rays. 67. 

It fftay be further obferved^ that in all cafes where 
the rays cohverge to Fj if a urck 8D be idcfcrib*. 
td with 2iny radius ftofii tl* cuftter F, » cot the 
Itfra6tcd i^ays AF ; thefe rays, puffing tbna' the 
incnifcus AVt)B> will go to rfic ffcme focus F, For 
thefe ray*; paffi^g perpftndkjularty dmo^'cbe r^ 
€ra6Hng fltr6tce BD, go ri^hc ferward. And &r 
the fame reafon, rays ' diverging jftomF, will g^ 
to R as before. 

1> RO P- XVI. 

If fOfntklf^ RA, /V fall nfm n fmtfll portion 68«' 
^ « f^here^ mid he nfrt^td by tht firft Juif^ct k> 
T ; ihey mU be peftaSed by $he feand f^f^e^ ia F^ 
tbf middle of DT. 

• ■ * 

Let the rays ft A,. FG n»eet in H^ then flncc 
the cord AG cuts the curve at -A> G in cqiaal an- 
gles. 
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^ig* ^^ the rcfra&ions will be equal at A and G; 

6S. whaice the triangle AHG is equiangular, and 
c<juilateral. But FT being: parallel to AH, the 
triangle -GFT' is fimilar to AHG ; whence GF =: 
FT. But GF being z= DF very near, therefore 
DF = FT. 

Cor: If parallel raff fall upon any part of a 
fpbere % and T be the focus after the firfi rrfr^iSion \ 
F will he the focus after the fecondy fo .thai GF = 
FT. • . : 

PROP. XVIL 

6^. In any lens BH, if two radii CA, ca^ he drawn 

70. p^i^all^l to one another^ from the centers C, f, of the 

two furfacesi and Aa he drawn cutting the axis in 

D. Then every ray that pajfes thnf D^ fhall have 

its incident and emergent rays parallel. 

For by reafon of the parallels CA, ca^ the tri- 
angles CAD, cad^ are fimilar ; therefore CD is to 
fD, as C A to cay that is in a given ratio ; and 
therefore the point D is invariable. And further 
the angles at A and a being equal, the line ka 
cuts the two fiirfaces in the fame angle, and there- 
fore if the ray ha be fuppefed to go both ways, the 
refraftions will be equal and contrary j that is, they 
make equal angles with A«, and lie contrary ways, 
and therefore are parallel. 

Cor. I . Hence in double convex and double eoncan:t 
lenfesy the point D Ues within the Uns \ in a piano con- 
vex or piano concave y it is at the convex or concave 
fur face ; but in a menifcuSy it lies out of the lens,, 
nearer to the greateft curvity. And in a fpherCy it is 
at the center. 

Cor. 2. The courfe of a rayy pqfmg thro^ D, very 
near the axisy may be taken for Jlrait line^ without 
fenfible error. Cor. ' 


1 
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Cor. 3. 7l6r p^nt D u fi placed^ that CG : rF : : Fig. 
DG:DF. , 6^. 

: For CA or.CG : « or rF : : CD : fD : : CO— 70. 
CD (DO) i CF — CD : CDF). 

Cor. 4. As the Jkm of ihe radii (or the difference 
in a menifcus) : to the leffer radius i i fo the tbick^ 
neji of ibi lens : to the diftance of Yi from the vertex 
of greatir curvature. 

r or fincc CG : rF : : DG : DF, by compofition 
(or divifiop) CG + rF : rF : : DG + DF (FG) : 
DF. 

^ 

Cor. 5- If Ka he any ray faffing ihrtf D •, then 
thf tangents to the lens at A and a^ will be parallel. 

For the angles CA^ and caA being equal, their 
cotnplcnieAts DAG and DaF are equal ; and there^ . 
fore the tangent at A is parallel to the tangent at 
a. A^dbence 

Cor, 6. For every point A of the lensy there is 
fome ray or other Aa^ whofe incident and refraSed . 
rays ftHll be parallel ; . and that is the ray faffing 
Jbro IX 

For the tangents at A and a being parallel, it 
is the fame thirty as if the ray was tranfinitted thro' 
a medium contained between two parallel furfaces» 
in which qafe (by Cor. 2. Prop. III.) the incident 
and emergent rays will be paralleL 

Scholium. 
The point D i^ by optic writers called the Center 
of the lens. 

PROP. XVIII. Prob. 

Having the. lens tfV, and the radiant point R yi. 

given \ tp find the focus F, after the refraSion of y%. ^ 
both the furfaces. 

Let «, fL, be the fines of incidence and refrac- 
tion, and make mXKv — » X Re : w X Rv : : 

I the 
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Fi^. the radtd's tt : vfi, atad / is ffte fbcjis iSfte^ the titft 

7i. refraftion at <ry. Again vf — vV zz "V^j iSh€i 

^2. mstkeas ti'X<^-^n1iVf:nX'SJ^:ntuSka€V: 

VF, and F is the fdcai iifteLthe ied6hd ,i^fi^£tiSli 

at AV. And thus you may proceed to find^ the 

focus afteir kibflion iJjr a ishMy bf -ftfferrfk fWfice, 

i;/, by divifioo, m>cRv.;nK^^ i'i -t^ :W'-^ «f 
'of f/. Ah-d Awcforc, (Iby J»r6^. xld / fe" *fe fo- 
•cb% t>f fft^ i-ay^ i^fra£ted at' ^. - AlKI fittcfc^ «i -)»: 
C/— « X V/ : » X V/ : : CV : VF-, therefore, 

aOC V/:iw X q^ : ; YF : CV 4r VFor CF..And 



V/:C/:: 


VF CF 


: riwXV*':*^ 


Aiid 


-theifefore (Cor. 2, PFop. XK) Days coniwging to 
:/ arad:rc6-aftcd rk>j? AVt^jWJllr iCO©VR?g? *> llie fo- 
cus F. This method ot demonftr^li^iilb'gienerftU 
^id is applicable to any cafe. 


- L 


Con J^ ibe incident i^ays ^-nh -p ^ 

fraUion at the firfi furface. And find F a^ 'b^^rt^ 
for the fatm-nftirttik .^^.cdiuirefralii9n^^ - 
Fdr in this cafe ^v mnd Rt are ccjuak 




' t 


> « 


^ R O ^. 
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PRC) P. XIX. ., ^^ 

Let parallel rays S^, Rv, he refraSlii ^ ^fi( few 7t- 
Av ^ fuffoji the fines of incidence and refraSion as T^* 
mtOi^\ and ^ut the rdtBut df the figfkeht towards 
the QhjeSl cv =: r, the radius of tbefegment from the 
objea CV =: R, the tbicknefs of th tines oV =,/, 
the principal focal diftance VF = /. And p 3 

* J.; ^ tt — 2.^; thtrtfotimp :^ »f , "TlM 


n m— n 


R» X jr — t f . -2 ^ 

f zz, ' ; wberetn if avj or 

» X R + r-^t^m-'n 
i^ k cbn'i^tx the cmrairy ^h then r orRhne^ 
gative. 

For (Ptx^. XVIIL Cor.) ni^nim '% V^ (t) : 
vfzz ^^ = qri andV/riff-T-ZA -AfiW^rX 

C/— ^ xV y: » X ^^^' = V Fy that is, m X 
R + y^/ — » X qr — t:n % qr — t xiK: f 

■ III I f ^ I n^^^— ^ 


w««»SST^^ 


^—fc 


nfBi ^ m)ir ^M^ nqr ^ nf 
R» X jr — t 


«iR + ») — n .qr—^n^^n.t 

RnXqr — t ^ qf — t 

m^^mr-^ty^m^n qX r + R — t 

Arid a like calculation ntey be made for the con- 
cave, fig. 72. 

Cor. J , // / z= o, or intat^d^reUej then f 3 

D " 

J .., «ii M //&f famt^on either fide ef the ten's. 
R'+ r 
. «7Kr mfStt pKr 

' ' I i "Cor. 


iitf T) lO'^PTR I C S. 

Fig. Cor. 2, Jft ^ O, and avht a plane furfaeet that 


ll'f = - 


72 


m — » 


R. 


For then r = infinity, and / =:^5!! = .^R s 


n 


R. And 


• • • 


m 


Car, 3^ Jf / =: cs ^nd AV ^ plane Jurface^ f zz 
n . 


Cor; 4. 7/ / = o, -tf»// R = r, /i^;^/ =: ~t^ 

X i r. 

Cor. 5. 3^i^ frimipal fdeal iijtance modi fy yne 
refraBion^ is • 


w 


m 


i» 


For by the dcmonftration ^ = i- 

.1 . ' . «« 


» * * 


P^r-P. 


Cor. 6* If a^ luminous hdj he pkceJin the princi'- 
pal focus of a Uns^ if. will <a^ a Ugbt io a great Sf* 
tance. * 

For the rays e me rgi ng - nearly pariallQU will not 

Nunite till at a great diftance. • ' 

■ 

SCOJ^ IrlUM. 

In glals, tn ZZ'39 . and,.«,;i; 2 nearly ; whcntc 
p =: 2, and 5=:: 3. Therefore from this Prop and 
its corollaries, may be deduced the following rules. 
))eculiar to glais lenfes. 

J • In a double convex glals of equal radii, the 
principal focus is diftant, the radius of the fpherej 
or the focal diftance is equal to the radius 

2. In a fphere, the principal focus is diftant half 
thi^ radius I of an hemifphere •$- the radius, when 

the 


"" ^ 


B-HL D I OPT R I CS. xi; 

the convex fide is expofed to the rays ; and twice F^. 
the radiusy when the plane fide is expofed. yi«^ 

3. In a piano convex, the diftance of the priil* ja.^ 
cipal focus is equal to the diameter, when the plane 
fide is expofed to the rays ; but to the diameter-^ ' ' 
^ the thickneis, when the. convex fide is expofed. 

4* In a double convex glals of difi^nt j^horesy 

the diftance of the principal focus is . m • 

5. In double concaves of equal radii, the prin^ 
tipal focus is diftant the radius of the iphere, and 
is virtual 

6. In a piano concave, the i>rinci|pat focus is dif* 
tant twice the radius, and is virtuaL 

8. In a double concave gla& of diffiprent ^eres, 

the diftance of the principal focus is -— ^ ,■ ^ 

and is virtual. 

9. In a mehifcus, the ^diftance of the principal 

A iv M *" 

focus is ^ the concave fide being expoftd t9 

r«"»R 

the rays. 


1 3 PROFt 


14$' 


7i 
7* 
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9 KaV. XX. 


t'ii i^'/^ -^ 4'!' i itfrn, * ^fimi vf imHtBCi mid 

* r := ^4 the radius (^ thf nearer fitrfacei. 
R zaCfiix ramus' (^ ^ fatuber fiofs^i. 
■ t ^_Yi> fh fbffkffe/s {jf toe Uus. 
\ f ±;\f}le /(ical^aace. 



.n^ + ttpf^ 


jte.rfxr 4^— iif*R— «I/K«i»— % + »f/ 
wba\an, if the rt^ eprnter^ ortfav, AVj ^f ^«|k 
t^e ffif' contrary tpay, then dy r, or R ix negative. 

_ Or qt Jhoriy / = --, — 7^^^ /R, «;i^/ B = 


a- — pr 


O-^/ -f- jR 


For (by Prop. XVIII.) mXRv — nXRc. mX 
Kv : :vc: vf\ that is, md — » X <i + r :»</:: r ; 

y/^ *^ =Dfupppfe,andD — / = 

tnd — If a — - vr 


V/. Again wxR+D — / — «XD — /:»X 


D — / : : R :/, oriwR + . m — nXD 
. / : »D — nt : :R:fy therefore / =: 
»DR — nRt 


m 


fnR + m — n . D — 

mJr 


m 


ButD = — 

M : .T'l md—ud^nr ; J 

therefore /s: 


dr 


!»••« 




J 


B.UI. n HO^Jftt^ K tt^ S. ti9 



I j I L _ l . I " -^S, 1. 

»^irR -— ndRt + nprRt ; 

m^R -^ «!^R -f i» — n.qdr — m — nxdr-^frt 

md Xr + K-^ ^^ — <irx» — «-k «rf 
becaufc « — » . J = «» and « -i. » . ^ = «. Or 

at ihort/ g ^ . S -^^ ^ f R» <»<»e P g 7^~ 

And a like com|>ijf^O(} may be made for41ie con- 
cave, fig..7*« 

Cor. I. J^ tie not^ or incoafiderdhk; then f = 
dXr+R—prB: 

Cor. 2. i/f /i^ i^ *f of^\ fim/^ 

6</rR >- 2iR/ + 4^^^ . , \fl^ «.i^ / g o. 

r I II I I ^ ^ .maiJjmuui I T itrTf' f r- ^» 

3</ X r + R — 6rR —•at + 2rt 




*' .ft- 


c:«r5 5i kiihm<mB^ if / ^^oj^A^ « 

*&«« /Kr;5{tf I Ihen f = =-5= — ^ * . . , , 


ndr lidr" 




lat? . n I Oiprrru i c s. 

Fig. Cor. ^ If t zzot and tbt km has equal emtvexp- 

7».- . ^L ■ r • '"^ \. , 

, yj;/i« itbtnfzz Aft4 i„ giafs^ 

Cor. 5. ^^M / = o, «r a ddii^k concave, / = 
pdrR ' 

«,JXr.fR-^R' ^ ^^ the ra^i art 
eiual, f := ^ -it^^, for glafs. 

Cor. €, Itta fkno concave, expofed voftb the cm- 
cave Jidt to the rtns, f = H^£. 

Cor. 7. /» a tnenifcus, t.ke convex^ turned to 

■ </ X r — R + frR - 

Cor. ?. TA^ >r4/ difiawcemuU Ij a Jingk nfrac- 

von ts. n^ ^ V, I , I ■ ■■M . ' 

m — n . d — nr 
' From the demonftratiom -, , 

Cor. 9. ^ the radiant point and the focus he earn- 
diftant from a lens \ they will each of them be e^ant 
twice the principal focal difiance. 

'^ Forput//=/fc: ■ f^"^ ^thcnJx 

r + R -i\^R = j>rR, or ;/ X r + R = 2^rR, 
whence; J = i£-I = twice the principal focal dif- 
tance,. by Con i. Prop. XIXv 

Con 10. If the radiant pint he nearer the Uns^ 
than the principal focue \ the rays after refraHion 



B. III. D I O P 1r R IC S. Mi 

mU Sverge \ if it is in the principal fccus^ tbiy tviiiFig. 
emerge paraikU ^nd^ if if is -further ef^ tbey mil ju 
converge. 72V 

Scholium. 

Hence if all the quantities m^ #, dy r^ R, f^ 
except one be given, that one. may be , found, by 
the reduftion of the equauoi^ in Cor. x. . 

PR O P. XXI. 

If F^ py be the principal foci of^ a Jpbere «r km 73. 
Av \Vitbe radiant point i F the focus by refraSitn i 74> 
D tbt center of the fpbere or. lent \ tben KP, RD, 
RF« are continual proportwtaUt wbere P aud F muft 
Ue tbt famt way from R. 

. , Let the focal diftance DP or £^ := F, die reft 
as in the laft Prop. Then (Cor. i. Prop. XIX.> 

Vp or DP = ;^rK — ^» »nd/fR = F X r + R. 

And (Cor. = i . • Pi^. XX.) VF or DF = 

dprR _. JF X r + R 

rfxr + R — ^R iXr+R — F>^r + R 

= -^ = 552^2?, and RPxI>F = RDX 
//— F RP 

DP, whence RP : RD : : DP : DF ; and cotfl- 

Bmndingy RP : RD : : RP + DP (RD) : RD + 
F (RF). And a like computation may be made 
for the concave, fig. 74. . 

Cor. I, RP : RP :: : DP : DF-,. <9r DF =5 
RD X DP 


> . «. 


RD — DP 

From die dembnftratidihi 

Cor^ t. RP : PD : : DP :p'P i w RP X /F = 
PD*. 

For 


Cor. J, pF is always rectProcalhi ofRJ^iand tpey 
lie cifHrify wa^fr^m p ma fi. 

* ^•- ' • / ' ... 

Cor. 4. I^^^ F 4rr c^tfug^efad to ma amtberi 
and when they are en 4bt fame fide of the lens^ the in- 
cident and refroRei fays 4iyer:ge hotk frtm R and F, 
ar elfe both converge to R and F. Jnd the contrary 


wHn 


t .- f 


PROP. XXH. 


5-3. If Av h a lens or fpheru F tbefmw^f «fcf »». 

5^4. /riJ^^i r<iyx tp-feVit jfow /r*« the radiant point R, / 

^'prMeif^l fom. Tkat RF : RD 1 : QF : D/, 

W <»i»p. XXI.) RF : RP : ; |10 : RP, aa^ 
— RP(^i>r;>D). 

» • ■ 

Cor, Jj_ /ii ^ 4om!6i(y tint priff^ foffil difi^^ 

Gap. 1. RJF : DFi : DF : 0y orff z^ ^ sB 
■ DF ' " ' "■ 

Foir iiKcc RF : R6 :i : t)P t D>, by' dtviAoii 
RF : RF — RD (DF) : : DF : DF -* D^ (^Fi) ' 

Cor. 3. flww#, tbefomf fmMfm^mfHt^- 

calljf thus. Let P ie the principal fotus ; with the 
eintor.D' and ridius'Wf iefimt the iiib P6, Mt- 

titig 


.J 


ttug d^^tmiiiMi ^o^lkAi^ ^ G« : J^in DO, and draw ^g* 
AV parallel to it^ cutting ti^ Mis mXbi^'P^ tktnS X5.- 
is the focus. 74. 

For RF : R0: i »F :.DP ; AatJs, RF : RA : : 
DF: AG, therefore the triangles ROD, RAF are 
iimiftir^ and AF pkndlet to GD. And ull Fays \ 
prace^iAg from G (dr •^) w)M emerge paraUel » 

» • 

In the f|A Cofpl. >wp have a good pra6lical 
tyfe fgf finding ;^e principal focus of a lens, har 
ving fifftipund any ottiet' %v^s by trial. And in 
Cor. 2. we havp anptW itile* tending tq the fani^ 
pufpo/e, which fipds tJje pxcefs of any other fop^ 
laiftaftce fi>Hn4 by jfrijil, above the priiwipal foc4 
diftjMiec. Bodi thefp Ve very pafy i|> pr^Aic?. . 

P JIOP. XXDL 

t * • 

51^^ -Afttmtt of ibf riadlatii^ pint and Hs focus^ 73* 
made tja convey leHSj fji/^t is^ 9^^ is the leafifoj^ 
fihiei ^ben tbey art equi^jtant from l^tem. 

For (by Cpr. a- pmp; ^jpq). JftP^PD : 2'PP;: 
fV. Kow It RP r:pF, then the fum of the cxr 
<rf»nes H^t ^P ^3 PW4 ^Q the A^ of th^ ineans 
aPDf vlyqi is^ cpqil^. Itut m 4f^ itther ca& 

fPropor, Prop/ IX.) the fom of tluj «xtx»naes HPt 
/F is greater than the fum of the nieans, that is» 
.jgieaiKr iiinn.. the 6110 of this CKtrenfies vriien they 
are «qu«L And tbercfote SP ^-ji/ is thekaeft 
iv4ion ilF 1=^5 and aitding P^,. d^^i xubok dif- 
Mnce i^ it die IciA aiiKu ftiP c /p, aad coofis 
i|»ettcl7 9riion RD re BF« 

Cor. ThtLxMiat^g ^^^t sHlitsJms U f /^ 
iw^ dyiancey from each other ^ when each of them is 
diftantjrom the kns^ twice tb^ principal focal dijimue. 
" ; 1 For 


fi4 D I O PT Jl I CS. 

Fig: F^ tkcA KI> =rRP + PD =: 2PP, attd DP s 
73, D^ +i>F. =u zD^ s= aDP. 

: PROP. XXIV. .V 

75- ^» ohUfutpeniil 0f r^s SAGC, ito its/caisG 
a Utilt nearer tin lens^ than a direa fmcil R AFC. 

For if DS =PR» then (he angk CSA will be 
fomething lefs than the langle CR A \ and up6ii 
that account the rays SA, SC, will be fooner 
brought to interfedt at G» than the rays RA» RC, 
do at F. But further, the rays RA» RC> filling 
very nearly perpendicular to the fides of the lens 
AC, HN, are leis bent, than the rays SA> SC» 
which fall obliquely on hoKJx fides thei lens. For 
tjiemore oblique they are, the more they are bent^ 
and turned out of their dire^ way. And confe- 
quently the obliique rays SA, SC will iboner in- 
terfeft in G^, than thofe at F. But fince the aitt^e 
RDS b generally verv fmalU the difierence be- 
tween DF and DG will likewiic be very finalL 

Cor.^ I. tbefocus^ of an eUiquipmili hj afaigh 
fefraShnis nearfy at the fame aijiance as of a dirolt 
fOHcit* 

For in both cafes the extreme rays will interieft 
the ray which paflcs thro* the center of the furface 
'AC, at the fame diftance* 

r - • 

Cor. 2. S%^ Prop. boUs good in a €o$uaw Uns^ 
and alfoi in. a mimfciiSy as weit as in a comkx one. 

For in all cafes the ntore oblique the rays am 
the mone.thcy are bent, and the fooner they willin- 
tcrfed a dircft ray pafling tid:o^D the cento: of the 
lens, by Cor, 2. Prop. XVII. But I endeavour td 
avoid drawing a multiplicity of figures.' 

PROP. 
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• ,P R O P. XXV.: ; -' ; / ; 75; 


, * i /^' ir' ,'/ •_• 


'•♦«>• •» <i« 


. Fot luys iliAt are re^nfixid at n convex jlei|^9 ^ 
bent atthe p<Hnt$ of refr^ion lb, tl]Att|iey .^ci^ine. 
moit towards one another than before^:, but m con- 
caves the rays after relradion, beings b^t the con- 
trary way, are made to feparate more f^fp one ah* 
other. And this will.be fo whether there be one . . 
refirafting furface, or.twp ^z^ \ or if there be more.^ 
For every fucceedihg refraftion, adds to the effcft^; 
by making ; the ntys either <;oBverge- or.-diverge fo ^. 
much the fafter. 

t% a convex l&u-y ana ^verging rays ate made man^ 

mverging iy a concave. 

^ ' ' ' * ' «-. •,...' »»^ 

Con 2. Ammfcushas the prefperties of a conven 
giafi, when the inner radius is the greater. . Andi of 
m concave^ when the inner*radiUs is sieJeJfer. £x- 
cept when the Ova furfaces Ofe concentric y and them 
is hekngs to neither-^ for the rays will emerge paraUeL 

Cor. J. yi lens or fpeitack ghfs proper for an eld 
perfon^ mujl hefucb as to make the image of an objeSt 
ssppear at that point where he can fee thai oiyeB 4if 
tiisfy with his naked iye ; and the fame fs true of a 
concave^ in refpeS of a fhort-fightea perfon. 

' - - Scholium. • — 

From what has been, before laid down, the pro- 
perties of all forts of fingle.lenfes may be deduced 
for pra&ice as follows, 
. Let R, F, be conjugate foci ; P, p the princi- g^ 
pal foci \ then, ' * 

X. Pa- 


»4 t> t O P T ft 1 C 5. 

F%i I. FBrallel rays falling on one fide of a convex 
y^ lens A } will bi Jllb£t^ O PloP. p on the other 

fide. 
' 2. P»ra2taray»fiffiil^^c\i(ie.fidr^f.a-.«wicti7e 

lens A; will by refra£tiott^-4liin^lgtlfrdi»F-orj|:»t» 

the fame /ide. 

or^i-wiQ'ehi^e '^iSfm^tkf^ MiMr;ftttti- ■ 

4. In :t eohrave kM A,'l^»(eott<N»lgtng^o) P4flr 

\^ ; wm iifi^e ^tlll«r$ goii^ dtic «tf the lent 9M. 

the famb'fid^. • • •'-• • •• 

76. 5. lA ijdfivcjk l«*nM ^P'Sm^% ■fflain R ibb*r 

. yond.Pi >^Icdh^rgfc'««.<Fvt)«^dft*|ju':gWid dn; 

is nearer than P ; will diverge from Fy^^^ fame 

fidewitklC..;, • .. - , . 

78. .. 7. tn cbnyex Icnfes^ fays c^hy^jegtil^ trd F, ifrill 
by rcfnuft&h cortvei^etd It, peju-drmA;Pdt/.; ' 

79. 8. In concave lenfes, rays conver^Ag^tc^fti fe*- 

oontxdiy* .' *.*..;.•.' .'. . -'\v''.. • 

80. 4. hTdoacmvc kstyfeif. wys.^ flPV^Wgioft >ia fV 

81. iio^^^a ^4 wiU ^. it^iidNiaQB i¥)«^%« to R^ 
beywwi'F, .., -.v. ■ V ; ; .^ ^ •' ^ - 

.82. , 10. In concavf lenfes, rays diverging from R, 
bejrottd >•; i;rtfl aftd- -rafi*9ioli di^^e /rom F 
ileanrirAatt^. ^ -. *. . - 

83. ^i. In TOrtckve fenfe, ray? dSV^^kig Jtem Ry 
fiearer iftan jp, wfll *^erg6 from F, nfcafcr IHtt 
than^. ^^ " /^ ' • ' < 

Note, I reckon a menifcus^ convex or concave, 
according as the center of its inner furfacc is fur- 
,thier off, w ne«rci" t*«ft the tdmtr 6i Att out- 
ward furfeee* 


And 


B. in. i^ r a P T It' I c:s. • ^la; 

And in all thefe cafes, the coi^ugate foci F/^,^. 
arc fo fitU8*c^<. thjic.il will i^^s^i 76. 

RA : PA or /A : : RF : AF : ; AF : />F to 
or RP : AP f. ^A < >i\P ; vAp. : jtf^v:- . t 83. 
orRP:RA:: RA: RF::PA: AF. 

Any of thefe rules v^ftrte to find the conjugate 
ibcUs. AUfhiB oppean £(oai:^hMv]|«ft btefeft ^ore 
4emhvAn»eA « paltkMtrfy fr9BA Cett 4< 4nd K» 
Pitlpi Sa&fr ivhcce d* mlea far divcri^iig Is^.l^r 

tttoV^ llafes as ^. ii:" focd' i^dicb ; ' «ld 

tor concaves, ■?- ^— » .1= foiaj ^ince, ^Aj^d 

it is the fame thing ^i^hitfefer tffli ra5^s di^fer'^ Ibr 
convexes, or converg;e for concaves ; all the quan- 
tities are the fame in boui, imd have the fame fitu> 
^dH. theitsfere If i^itofivex inl i<ftncJiveWe 
tKe ~ fiiHke ptiitd^ folki ^iftAitk { arid- «-AAy 

. t^ftSfke &om dii^ 'AMius 'hi HAk ^6^^S^ ktt6:ttii>- 
9i» Hy c6hV^ «6 tfte'ii^itt ^)cliis,"^<f%e itth- 

■ ttlt^ (ptjfc 111 fes • pfeice) i Utth ^V^H-iBofh' havfc lilie 
Bm«^ni\»giitbf6ci; -Atia in-1»ei^{»oli6hs^ My 

•■ ^m 4eRAbt kpamtpi^'tf^c fka^UHe^-. . - 

- Tlife J!*6per&s <it fettfesi *t4r rlsfhmti&. ftrfaC^s, 
4emonftrated in the foregoing p)f^dfit%ft§, Dtoid 
good in regard to -the ^raci, if the mediums be . 

J^?*> 

do an 

jrtys goiiig oUt of a 3crife me^ufti iiyiip a rare x>xxe, 
br:to b^' riefrafled oik of a denfc iwqwai,tliio* 

lehfes pf air, or foine rare medium ; "yeu'muft fup- 

jpbie the rays to converge inftead^ q{^ diverging, 
lind -to diverge inftead of eoavei^Iog v;^ and then 

,the focus will be found tiy the forejgodng .& ules^ 


VH DIP, 



laS ..nioBTRrcs. 

PROP. 5CXVI. Pfoi, 

* • 

9V find the frimipd focMS^ cj aty bns. \\ 

I ^47. 

Hold ft con vex len6 perpw againft thi rajrs. of the 

« (uiH hold a white pap^ behind it^ to k'eceive the re- 

frafted light, which mil make a round- white fpot 


upon 
ward 


the paper. Move the paper 4)ac]^ and for- 
till tnis Ipot, whicl^ls the iun^s iniage, be 
the lesdt poflible ; there fi}& it. Then the diftanfe 
of the paper from the fen^, is the'focal diftaiice rt- 
quired^ or the burning point.. , .;^ • 




G>ver one fide of a convex lenst^th pap^» 
having ieveral holes made \vk it, wi^ a p^ *, and 
placing the glals dire^ly^ againd tl^Jfqn .bpam^ \ 
the li^^pftfling thro^ the. holes will m^e^b fluoiy 
white fpots VP99 ^ :P^^ h^^d behig^^t;^'; . Move 
the paper bac|c and fof^ard dllfdl theli^.^^iots co- 
incide iaone % there is the focus. 'An4:t;be^ftwce 
of the paper ftom.the gjafi being m^^ired^ givea. 
the fodu diftance. . v . • , :'..... r>. ,.. • 

Place a convex lens fb, between any bbjed (as a 
window in the day, or a candle In the night) and 
a white wall or paper, that the image of the objeft 
may be painted diftindly thereoii, which may be 
found fjy moving the lens back and forWird. Then 
meafure the diftance of the lens from the objed» 
and alfo from the image, Muhiplv them toge- 
ther, and* divide their produft by tneir finn, the 
?uotient will give the focal diftance, by Cor. i^ 
rop. XXII. Or (Cor. 2.J divide the Kiuarc o^ 
the diftance of the obferved focus, by the diftance 

of 
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€^ the objeft fh»fl thi^^focus, gi ves^ die occefi a(bove Pig^ 
the principal focd' diftance. If the lenj be' in the 
midway between the objeft and image ; then half 
the diftance of the lens from cither of them, is the 
fbcal di(lance« 

Cover one fide of a toncave kns^ with paper, 
having two holes made with a pip, diametrically 
oppofite to one another* The lens being expofed 
to the fun beams, and a paper held behind it ; the 
light palling diro* the lens will make two white 
foots upon the paper* Move the paper back and . 
torward, till the diftance of the two fpots on the 
papeis be tmcc the diftance of the two holes in 
the cover r then the diftance of die white paper 
from the lens Isn the focal diftsince. 

PROP. XXVII. Prei. 
Tojhid tkf virte^ t^ center of a kt$s. 

Hold die lens at a p»per diftance from the eye, 
«id obferve the two reflefitejd images of a candle, 
made from the iwo fuifaces. Move the lens till 
the two images coincide, and that point is the ver- 
tex. And if this be in the middle of its furface, 
die jifitis is truly centeiied, othcrwife not. 

Draw two black lines. AB, KL, crofs one ano- 84, 
ther upon a white wall, or rather on paper. Take 
the lens CDEF^, and holding it diredtly be- 
tween your eye and the two lines, and parallel to 
the wall. . Move it to the right and left, and you'll 
fee the part gh of the line AB, which appears^ thro* 
the gl^» to move back and forward. Hold the 

K glafi 
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Tig- gla& at iaft, fo that gb may; coincide with AB } 
84. then does AB pafs thro* the vertex or center of 
the glafs. Repeat the fame thing with the line KL 
and the part no*^ moving the glafs up and down^ 
till they coincide. Mark the point Z on the glafs, 
where AB, KL interfeft, whilft* gby no^ coincide 
with them, and that inteifedlion Z is the vertex* 

Note, it may be as wdl to fix the glafi, and 
move your eye, till AgbBy and Kn^L, be two coi>* 
tinued right lmes,whofe interfedtion gives the vertex* 

PROP. XXVIIL 

Wberever tbe rays^ wbicb come from all t be points 

of an obje3^ meet again in fo many otber points^ tff 

wbicb tbey converge by refraSion ; tbere they will 

make tbe piUure of tbe obje& upon any wbitebodj on 

. wbicb tbey falL . 

tf* Let PR be any objeft, AB a lens. The ray* 
that diverjge from any point Q^ fall upon the lens, 
and are refrafted to their focus y, where they all 
ipQet, and make the image of Q^upon a paper held 
there. In like manner the rays which diverge from 
P, are refradled to their focus . />, and there give 
the image of P ^ and the rays diverging from R, 
are refracted to r, and make the image of R. And 
thus, from all the intermediate points of the objeft, 
the rays proceeding to the lens, are refradied to as 
many correfpondent points in the focus •, and will 
all together make there the image pqr of the ob- 
jedt PQR, in its proper Ihape and colours. But 
then the pifture is inverted or turned upfide down, 
and the right fide to the left. 

Cor. T. Rays flowing from all tbe points of an oh^ 
jeB^ as PR, paint tbe image tbereof pr^ in the real 
focus f , and may be feen there upon a white paper ; 
#f without tbe paper it may be feen there banging in 

the 
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tbe aify ly an eft at O, f laced at a proper difioHCey Pig* 
as 6 or t incbesj (Sc. behind tbef^cuS. . Z^^ 

Cot. 2. An ohjeEt feen by refraBion^ appears in 
that placiy frtm whence the rays after their lafi r#- 
* frallion diverge to the fpeSator^s eye. ' 

Cor. 3. Rays flowing from arry point of an ohjeSi^ 
mujl hefo reftaSedy as all to meet again in fome other 
pointy to give the image of that point. 

For if they fhoulci fall upon different ppints, ic 
would breed nothing but confufion, for different 
points cannot reprefent that one point from which 
the rays come. All the rays flowing from the fe- 
veral points, muft go to as many correlpondent 
points, to make the compleat image of the body. 
And diis will appear on a paper held there ; or if 
there be nd' paper, the rays will diverge from that 
image, as from the body at firfl 5 and therefore 
may be feen by an eye placed behind it, for tha 
fame realbn that a body is vifible by the rays flow- 
ing from it at firft. 

PROP. XXIX. 

STitf iniagi of a right line immerfed in watery or 
. iury fluidy is concave towards the eye 5 and isjituated 
in a plane paffing thro^ the eye. 

Let the line AB in the fluid be parallel to the %Sy 
lurface RS, and the' eye at E direftly oyer it. Then 
(by Cor. 6. Prop. IX J the focus of ^e point C 
is at G, fo that DG =: \ DC. But ^by the fame; 
as the eye moves towards R or S, G will feem ta 
rife 5 or which is the fame thing, as G moves fur- ' 
ther off to F or H, it will feem to rife up, till it 
get to the furface RS; therefore RF and SH con- 
tinually grow lefs and lefs. That is, the focus of 
A and B are nearer the furface, than G or the 

K 2 focus 
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Fifi fyi^g flf C 1 and fn^^fprmffnt|y t,^ ipyff<^ FGH 1^^ 

&6. concave towards RS. • 

^f J^B is not parallel to .lI\e*^tTkc^-yet as tone 
pArt B raifed as much aatheckher is^^de^ 
image wSl ftiU b^ concave, and that if tht eye be 
moved out of tW pcrpendidiilar ED. And a 
plain that at Htff paHed thro^ EfiABHG^ will alfo 
pafe^fiiro* EFGH, when the eye is niovcd tec- 
^#. .. , ., ^ ; \ -r '. - 

Cor. r. If the eye at £ v^oa Jn a denjh me£uM^ 

end the line AA in-ardre c^. fbepmnts A and B, 

ut a difiance fifofh C, would fern to ^fitridi and 

^ ti^ image' of AB would ii convix.J^^d^ ski fur^. 

face RS. 

For here G* would be the ob^eft and C thief iiii^ge^ 
and if FGH be reduced to a ftrait Iine» ACB will 
b^ reduced tp a curve cojftvex towards G. ^^ec 

UstreSytt - I 

Cctit* A right line feen- ibrif azyme£um* ter- 
minated: l^ poTi^lel planesj will appeat a right Une^: 
^- JjQiDtte twQ refraflions correfl^one another^ luiv- 
ing contrary effefts. . . *n 

Cor:.'^^ A plane: furfa^ immergedieep in water^ 
' oir any fluids willappeat concave h the eye. 

-Q»';r 4^TheMnage~Mf a fiort ri^t line immoged 
in water^ dots notfetifi^P^ differ Jrhm a right Uni^ 

PROP. XXX. 

/ 

The inu^eof a right me majde^if.lpfraSion thro^ 
a lensji is concavetbwards the lens* 

I;. IM AB be a kns, PR^X right line diredly cx- 

f:)fed to the lens. Thca. (by . Prqp. XXIV.) "if 
> Q, R,* were equally diftant from the kns, r 

and 
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and p would be nearer the lens than q^ and there-Fig. 
fore rqp is a curye^line.. Bat.PQjR: being a right 87. 
line, P and R are further off than Q^ and that brings 
the focus p^ . and focus ^ nearer the lens ftill ; and 
confequently rqp is more curve than^ before, and is 
concave towards the lens* And Cfrom Cor. %. 
Prop. XXIV.) the ^(ame^iudd^ good in a <:ohcaye» 
and menifcus. , - 

Cor* I. ^ht iiM0. of n right J^wt made, ly, met^* * ' 

JraSiqn.Jof a fphertcjfi J^fofi^ isMf^fl Hffk cmmif 
towwdstbutj^rface. 

' For fuppofing rpq- ma^e^ o^y by ihi^M^ reft-^ic- 
tion. Then if P, Q^ R be equidiftant from the 
lens; (^l^yCoF. i/xBix^. KXIv.) p9 qi ^ would 
alfo be equidiftant. But fmce P and.K are fome- 
thipg further than Qj t and ^ will fee Something 
oearer tHan q 5 or r^ wiil be a curve line. 

Cor. 2. The image of ajhort right line^ .made fy 
refira3ion thro* a lens^ - f r /Ar^* 4i]fingle Jf^aee^ does 
^^ feif/ibfy, differ from a rigjbt,li$§e. 

For the . deviation of the image of a very long 
line, from a right line, is but very little curvec^ 
and fcarce perceptible. 

Cor. 3. ^heim^eofaeirchrefraliedti^\^a^^ 
to which it is concentric^ wUl be tUfirly a fircle ^^ 
eoncentric to the tens. Qr thro* a jingle /u^fa^. 

For being concave to the lens, a fntall p^t of it 
does 'not fenfibly differ from a* circle; whether it 
be thro' a Ipns or thro* a fingle ^fuifaGe* 

Cor. 4. ^be image of aplane^ure^ tMde by f/- 
fraSionthro* a lensj is concave toward^ the lens y 
tho* in a fmalt figure^ it does not fenjibfy differ from 4k 
,platu. jffdthefofue^ t^ro* jij^ngle/urfacc^ 
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Figr' 

PROP. XXXI. 

^ie ohjeS and its image made iy a Unsy fuhtend 
tfual angles at the lens. 

gg^ For let D be the center of the lens AB, PQR 

gg] the object, p^r its image. Then (Cor. 2. Prcj). 

"' XVII.| PDp IS nearly a ftraight lipe, and likewifc 

RDr is alfo a ftreight line ; confequcntly the angle 

TDR fubtended by the pbjcft, is equal to the an- 

§le pDr fubtended by the image, the angular point 
eing ^t the center of .th? lens D. : V 
■ . . ' , - _ . , . 

Con 1/ Hence the aijeSt and, image are e^ualy when 
ihey meet together^ 

€4* Cor, 2, The oijeSi and image madehy aftngle re* 
fraSliony fuhtend equal angles at the center of the re^ 
fraSing furface. 

For the vmrefrafted rays flowing from the ex- 
tremes of the object, pafe thro* the center ; and 
the object and image we contained between thefe, 

PROP. XXXII. 

88. The length of an ohjeSj is to the length of the 
89* image, m&de by a lens ; as the difiance of the objeS 

from the center of the lens ^ to the difiance of the image 

from it. 

For (Prop. XXXI.) the angles PDR and pDr be- 
ing equal, the triangles PDR, pDr are fimilar j Qj 
being perp; to both PR and pr. Therefore PR : 
fr\\ PD r^D ; ; DQ^: D^. 

Cor. I. The magnitude of the ohjeSl (as to its a- 
rea)^ is to the magnitude of the image j as thef^uare 

of 


T 


B.' III. D I P 1» t R I C !• 135 

ij^ /i&tf ohjtSfs dijiance^ is tO' the fquare of the imagers Fig. 
iifiancej from fk^kns. . . 1 * 88. 

For the areas are as the fquares of the diameters. 89, , 

Cor. 2.1fT he jbe prin(;ipfil focus of the knii 
then the diameter of the objeS^ is to the diameter of 
the image ; as QT : is to TD. 

For PiR I fr \: DQ^:;Dj : : (Cor, i. Prop. 
XXI.)QT:tD. 

Cor. 3, Hence a convex magnifies an ohjeSiy '%vbAt 
4t is nearer than twice the principal focal Idijiance : 
tut if further off^ it leffens it. That is, in the firfi 
gafe^ the image- is bigger^ ani-in thefecondj the pbjeSl 

is bigger. 

, . ... < 

Cor, 4. :In all cafes a concave lens dimimjhes an 
rijeSy or4be image is lefs than the cbjeSt.- 

Cor. 5. The length of the objeS^ and the length 
cf its image made ky a Jingle refraSion ; are as their 
difiances from the center of the refraSling fur face. 

For (Cor. 2. Prop. XXXI.) they nuke equal 
angles at that center. 

Cor. 6. A plain glafs^ efpecially if it be thicky 9 J. 
piagnifies a body. 

For CD, EF being parallel, AC is parallel to 
^ EO, and BD to FO. Therefore AB, thro' the 
glafs CF, appears of the magnitude ab. 

Cot. 7. If the objeSl be clofe to the Jen: h is very 
little magnified thereby: or tf the eye he clofe to the 
tins. 

For every part of it appears nearly, in the 
place it is really in. , ; 

. Cor. 8. 'ithe apparent magmtude of a ho^t is as 
the angk which the image appears under ta the eye in 
MtPf.phce, ' • . ' 

K.^ P R OP. 
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PROP. xkxm. 

^« If f he the principal focus of a km; then the 
^9' dfjtattceof tie otye^:VRfrm the lensy iitotbedlf' 
tajue if 'the ma^pr i tis QT- to TD. 

For (Gor. 2. Prdp XXXII.) OT : TD : : dia- 
meter of the oh]ect : diameter « the image ^ : 
(Prop, XXXII.) DQ : Dj. . 

Cor. When QT = TI), tie^ma^is.equail fc tH 
chjeSt. 

prop/ xxxiv/ 

88. If the objeH and its -image be both en the fame 

89. Jide ^f ti^ ient\ the image wUl ^H m&.\ if thgilbe 
on different ^Sy the image mil be invertid. . > 

iFor when the rays ktep the fame polition till thfty 

come at the image, then the image will Have the 

fame pofition as the obned, and that is -v^hen' they 

s^t' both on one fide of tl^ giafs. But when the 

, rays crofs one another-, before they come at the 

' focus, or where the image , is, aad that is when 

they pafs thro' the glafs ; here the ray^ from the 

upper part of the objeft „go to the lowe^r part of 

the image, -and the ri^ht to the kft^ &€• that is, the 

image will tKen be inverted. Thus P and />, alfo 

R, and r, lie contrary ways by the convex lens 5 

' and thje fame way . by the conc^^w one. 

go- Cor. I. fFhen the objOI and image are on different 
J^is the lensj as. the ^e^ approaches the lens t}>eii- 
mage recedes from it ; or if the objeH recedes ^ the t- 
mage approaches it. In general^ if the objea QJrom 
andi^f^^flmme apfroaehes D, the image flies from 
tke ftimifalfoim^^S toq\ \andsiben<^airriws i$ttbe 
pincipal focus T, q is infinite^ difiant. 

For 
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For (by Cor. 3. jProp. XXI.) QT and /^ arc Rg. 
reciprocally proportional. 

Cor. 2. If the objeEt ani image ieiotb 0n one^de 91^ 
4/ the lensyif the iohje^ mows towards the Jms ; the 
image alfd movgs ^toivards the lens. And if the fijbje^ 
moves from it ^ the im^tmvots fremiti 

For if / is the principal focus, /j is reciprocally 

AS /Q, by Cwr. ^j. ,BrQp, '5CXL 

• » 

Cor. 3. Jii ^ convex iens^ if the objeH be beyond 9q* 
the priMcifaLfacus^ its^imt^e ^/uill he.m the other Jidt 
of tbeglafs'insierHd. But if the objeff is nearer than 
the principal focusy the image will be on the fame 
Jide of the glafs^ #r#S. ' 

For in uie motion of Q^ to T, tq becomes infi* 
ftite i^t ^5 «ad Tidiiffl: Q goes froniT towards P^ 
f^comesvOp on the &me iide ef tlie ^lafs with Q, 
andtken tke image becomes ereft. 

Q^u 4. Jn a eoneave kn^j the obfiSl and imagd 
»e 4l%$aysfin one Jide of the lens. 

Cor. 5. ^be dijlance 4)f the image may be increafed 
at ^leafure^ and alfo iis^ magnitude j by bringing the 
ebjeit nearer the principal focus. 

PRO P. XXXV. 'Prob. 

« 

JJaving a lens wbofe principal focal difiance is yj, 
hiown ; to find the diftance of an objeS^ that its dia- 
eneter may be to the diameter of its imagCj in the given 
ratio ef a to I. 

Tfhis is eafily refolved by Cor. i. Prop. XX. 
For fince ^ : / : : ^ : i ; therefope _ = / = 

dxr+ R— ;>rR ^ ^ ' 

there* 
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» 

Fig. therefore df X r + R =: aprR ^prR zza+ iXprK, 

* * whence d zz ^ \, ^ X/fR* Let / = principal fo- 

r + R 
cal diftance; then (Con i. Prop.XIXO ' =^ 

, p , and therefore dzztx^ -^ i- 

Cor. In like manner^ if dl the quantities^ /, />, i^ 
r, R, except one^- be given j that one may be found ly 

refolving the equation f = ^ 
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PROP. XXXVT. 

7be image made by a lensj becomes vi^e^ by placing 
'the eye to receive the diverging rays going' from the 
image J and at a p'oper difiance for diftinil vifion. 

To fee the image, one muft behold it as one 
would do any other vifible objedt. And confe- 
.quently in order to fee it, the eye muft be placed 
in the diverging rays, fo that they may enter this 
'eye, and thereby make the image vifible. But it 
cannot be feen in any other fituatiOn, than in the 
diverging rays ; for if thefe mifs the eye there caii 
be no vifion. For as all the points of any vifible 
body are radiant points, io all the points of an 
image are radiant points, each in its proper pencil 
of rays iflfuing therefrom. All the difference is, 
the image can only be feen, when the eye is placed 
in thofe pencils ; whereas a luminous body, that 
fend rays every way, may be feen in any fituation. 

• 

Cor. I . The image made in the air by the knsy may 
not only be feen by the eye placed in the ^verging raysi 
but it may be feen upon a paper ^ placed in the focus 
§f the glafs. 

Gor. 
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Gor, ?. ijf* R 3tf tf» objeFly F /i&^ /^r«i; /i&«i to Fig. 
tf n ^^ ^/ O, beyond the glafs ; the objeSt R ^a// 4[p- 92* 
^^^w- J/ F 5 <J»^ therefore it is magnified. 

For an obj^ft appears .to be fituated in the 
place, ftom which the rays come laft to the eye, 
•which is at F. 

Cor, 3. Concave glafes J make ohjeSf appearnearer J gg^ 
/mailer and fainter than they are. ^ 

. For by the ipreading of the rays, by the refrac- 
tion of a concave, fome of them mils the eye ; 
fwhich would fall upon it' if the glafs was not there.^ 

Cpr. 4. In a comex lens if the eye he placed be- 88. 
tween the gjafs and the real image \ the image will ap- 
pear eretiy but confufed^ and nearer the eye^ 

For the rays do not crofs one another before 
they come, to the eye, , As if the eye was between 
D and j, there is no eroding but at ;, and the eye 
takes them before they come there,^ It appears 
nearer the eye, becaufe it is confufed j for expcrir 
cnce has taught us, that objefts very near the eye, 
always appear confufed ; and therefore thro' cuiftom 
we judge thefe objefts always to be near the eye, 
which appear confufed. 

Cor. 5. Ukewife if the eye be placed either between 
D and y, . or beyond q, and you look with both eyes \ 
the qbjeH will appear double. 

For in fuch a pofition, the axis of the eyes can- 
not both of them be'direfted to the fame point of 
the image, to .make it appear fingle. 

Cor. 6' If a convex lens be ,fixt in the window 
Jhuty and the room made dark^ the piSiures of exter^ 
nal objeifs will be painted upon a paper held in the fo- 
cus of the glafs. 

For by Cor. 2. the images will be found there, 
and if the objedls are very luminous, and the 

room 
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5'ig, roopi dark> th^y wUl appear bngjttf^ swd ipt^tibcft' 
proper xoJpuxs, bijt inverted* 

PROP, xxxvn. 

94. If an objeS PR ie pUced in the principal facus Qg 

of a lens AB ; its apparent magnitude at any place 

fi^4fiV4rits Qp hy$nd the Ims.^ will be invariably the 

^ fame ^ and equal to the apparent magnitude wbenfim 

f^m Dj Jf^ center pf the lens^ mth the naked jy^. 

For fby Cpr. 10. Prop, XX.) all the rays of die 
pencil PAD, will ehierge parallel to one another^ 
. . and to the axis PD ; and therefcM^the angle DO A 
wHlbc equal to QpP-, butfCor. 8, Prop.XXXlL) 
DO A is die apparent magnitude of QP, feen by 
Tcfraftion at O, and QDP is the magnitude as feea 
from D. Tlierefore < QDP z= < O = < I4 
xz <Il9 (which meafures the apparent magnitude 
abf PQ,) whether the eye be placed at O, L, ot 

Con I . Hence the apparent magnitude of a^ bofy 
placed in the principal focus will always continue we 
fame^ however the eye is movfd backward, or forward 
from the lens. 

P 

Cor. 2. 'The nearer the eye is to the knsy the more 
of the objeSl appears \ and, the further off^ the lefs of 
it, is feen. 

For the eye at O can fee no more of the obje& 
than P; but at L, fome parts above P ryxay be 
feen by rays coming from thence thro' A to L. 
But if the eye be removed back from O, the ray 
AO wBl then mils the lens, and the point P vira 
iiot 'be vifible. 

Car. 3* If the objeS -be nearer than the prit^ai 
focus^ its apparent magnitfide grc^s kfs^ ingoing ^m 

the 
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\ the ^s. If the obfeSl he further ^ the apparent mag^ l?ig. 
nitude increafes^ in geingfnm it. 

When the objca is nearer thm the principal fo- 
<iis, as at R (fig. 92.) \ then the focus F, and image 
there, will be on the fame fide of the glafs^ 
therefore the eye at O going further from the glafs, 
goes alfo further from the image at F, and upon 
that aci:punt^ it will appear lefs and leis, but bf 
0OW degrees. 

But when the ol^ed is beyond the principal fo« 
cus as at Qjfig. 90), then the focus q will be on 
the contrary fide of the ^als ; that is, it will be on 
the fame fide with (he eye. Then let the eye be 
placed beyond q to view the image there ; and as 
it approacheis ;, the apparent magnitude of the i-> 
mage yill grow bigger and bigger (being as the 
angle it appears uixier), and at q^ it becomes infi* 
nitc, and infinitely confufed, and begins to be in- 
verted again. Then proceeding fiill from ; to D 
it decitafes again from infinity to a given magni* 
tude. So that on either fide of j^, its apparent 
magnitude will be as the diftance from q^ therefore 
k increafes going from D till it be infinite at j^ 

• 

Scholium. 

There are other phcdnomena of giafs knfes, re* 
Solvable the fame way^ fuch as the following. 

1. If the eye be fiixt in the principal focus, the 
apparent magnitude of an pbjed will be invariably 
the fame, wherever the objeft is* placed beyond 
the glafs. 

2. If the eyfe is fixed at a lefs diflance than the 
principal focus ; the apparent magnitude of an ob- 
j'eft is diminiflied, as it is further removed from 
the glafs, btit by (low degrees. 

3. If the eye be fixed at a greater difl:ance than 
\ the principal focus ; the apparent magnitude of an 

object is increafcd, as it is removed from thef glafs ; 

tilL 
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Pig. till it comes to the conjugate focus, in rc(pc^ to 
the eye ; and then it becomes infinite, and infiv 
nitely confufed, and begins to be inverted ; and 
going further off, it is diminilhed again. 

4. If the eye and objeft be fixt, and a convex 
lens be moved from the objeft to the eye ; the ap- 
parent magnitude of the objeft increafes to the' 
middle, and then decreafes to the eye. When it 
comes into fuch a pofition, that the eye and objeft 
are conjugate foci, the obje£t is infinitely con- 
fufcd. , ^ 

5. If the eye and objeft be fixt, and a concave 
. lens be moved from either of them to the other ; 

the apparent magnitude of the objeft will decreafe 
to the middle, and then increafe again. 

The apparent diftance is reciprocally as the ap- 
pareht magnitude ; and in general we judge the 
apparent diftance of an objeft to be the very fame, 
as we fuppofe the diftance of a real objeft to be, • 
from which the rays come to our eyes with the 
fame degree of confufion. 

The apparent magnitude, as has been bbferved 
before, is in all cafes, reciprocally as the diftance 
of the eye from the image, or diredtly as the an- 
gle it fubtends 5 and that whether the rays diverge 
or converge, or whether the image be before or 
behind the eye. But the image hardly ever ap- 
pears diftinft in any of thcfe cafes. 

PROP. XXXVIII. 

88. q'he brigbtnefs of the image pr^ formed hy the lens 

AB* 

AB from fbe luminous ohjeS PR -, will be as — ^> 

the area of the lens direSly^ and the fquare of the 
dijlance of the image reciprocally. 

For the brightncfs of the objedt being given, 

the 


B- III. DIOPTRICS, 148 

the quantity of light flowing from It, and falling on Fig. 
the kns, and tranfmittcd to the image, will be di- 8&. 
redly as the magnitude of the objeft, and that of 
the lens, and reciprocally as the fquare of the dif- 
tance. Therefore the light falling on the pifture 

PR* X AB* 

rpy is as ■ ■ --^ . But the denfity of the rays, 

^^ 
or the brightnels of tht- image, is as the quantity 

of light direfUy, and the area reciprocally, that is, 
as ^R* X AB*^ g^j. jj ^jj^j. tjjjmgig^ /p 

XXXI) — = ^ i therefore the brightneis b 

as AB* X QP* _. I^ 
QP»XjD* gD»* 

Cor. !• If the hrigbtnefs of the ohjeH he increafed 

in any proportion j wbidb call B > then the hrigbtnefs 

AB* 
*/ the image will he as — jB. 

Cor. 2. //» v^ remote ohjeSs^ if f he the princi- 
fal focal diftance^ tben tbe hrigbtnefs of tbe image 

fvillheas^B. 

ff 
For then Dj=/. 

Cor. 3. Tbe hrigbtnefs of tbe image increafes with 
the area of tbe glafs\ hut tbe diftinSnefs of it de^ 
creafes. 

For it is only the rays very near the vertex, that 
are refrafted to a fingle point, in the pifture; 
thofe that are farther off deviate more and more, 
and fo make the pifture confufed. All this is plain 
from Prop. X. and XI, where you find diflFerent 
proportions for the focus, when, the arch is large 
and when fmall, in a fingle refraftion ; and the 
rtfraftion at two furfaces increafes the error. 

P R O ^, 


t* 


P 10 P Titles. 

Fig. 

PROP. XXXFX. 

^5, If a convex lens AB ie held MreStfy fo tbenpfj of 
the fun '^ and a combuftiHe , body be held in the prin^ 
cipal ft^cus P, the heat of the rays tmU fet it on 
fre. 

Foe ail the rays of the fun which fatl upcm the^ 
lens, are refradled into the focus, making there 
the image of the fun. And all thefe rays being 
brought into fo fmall a fpace^ muft have an intenfe 
he^tv and the more fo, the more rays are bit)ught 
thither, or the broader the lens is. And by increaC- 
ing the breadth of the lens, the denfity of the 
rays, and the heat thereof may be made fo great, 
as to burh or melt all forts of bodies placed there ; 
as is evident by experiments. 

Con I. The beat in thefocwhof tifekns^ h to the 
fun^s direct heat j as fie ateu of the glafs^ to the a-- 
rea of, the image in the focus. 

For the dertfity 6t hSat ik t'cdprocallJT as the 

^ace it* is contaihed in. 

». • - 
Cor. 2. The degrees of heat in the f oh of different 

lenfes ; are as the fquares of the diankters dire^^ 

and the fquares of the focal difidnces reciprocally. 

For the heat is is the brifehtn^fi of the fiiA's iniiagc, 

that is (by Prop. XXXVIIL) as ^^ . . 

ScHovntM. 

Upon account of the fun*s rays meeting in that 
place, and burning bodies therein, it is called the 
focus or burning point -, and the lens itfclf a hum- 

ingglafs. 

^ When 
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When the fun's rays cannot be qolIeiSled into a Fig, 
focus fmall enoughs to. burn briflcly, as in large g^. 
glafles, or thofe of a long focus ; they may be 
xpade to pafs thro' a fmaller lens, held in the con- 
verging rays, which will contradl them^ and bring 
them into a lefe fpace in the focus. 

PROP. XL. 

I 

* , 

I/^AB hi a plane convex lenSy expofed wUh the g6. 
^laneftde ip tJpe parallel homogeneous rays NA, , CV, 
And if V be the principal focus^ or that of rays fall* 
ing near V. and F the focus of the ray AF. tn^ n 
ibe fines of incidence and refraSfion out of a rare into a 
itfife medium^ 9c = D V, the verfed fine of the arch 

AV, Tien the aberration PF = — . * x. 

nxm — n 

From the center C draw CN, CM perp. to 
the rayife NA, MP; and put CV =2 ^ , DV = x, 
CP = z. Then AD* = 2^;^ — xx^ DP* =: 

2 — -. ^ + X* = zz + ixz — 2az -{-xx — 2^^+^^, 
*id AP* =z (AD* + DP* n) zz ^ ixz-^ %az 
4- aa. By fimilar triangles, AP* (zz + 2xz — laz 
+ aa.) : CP* (zz") : : AD* or CN* (»») : CM* 
(«»), whence nnzz zz, mmzz + immxz — zmmaz 

+ mmaa^ and by reduftion, z zz ZZ , 4- 

mm — nn 

-J^ ^ — . — r-- ^ — , and putting dd zz 

mm-^nn ^ ^ 

mm^rnn^ and extrafting the root, z =z — Xa x + 

dd 

m ^^ ' mm ddmmxx * mma + mna 
^ X na — X — &:c^ = =4 

dd n 2n^a dd 

mmn + m^ tn^ <> ,u ^ r jj — . 

~ -, 1 X — XX &c. =: (becaule dd z= 

ndd 2n^a 

1/ w+ . 


tA6 P I O P t H IC^. 

Fig. '. — ma mm nH 


ficc. == CP. But when » = o, tjien CF = J!±-.^ 

TO— If 

Therefore CF — CP or PF = ^-^=: x + ^ jff|' 

&c. == T ^j nearly^ • Hfere the rays being 

n.m — n 

perp. to the plain fiirfiacc AB^ fuflfer no refraftion ; 

zxid tl^erefore it is the fame things as if the ray*. 

were only refradcd a; the fpherical fiirface A^J 

' Cor. I. Putling AD =jf, ^i^c 4r%^^«?p.^ «^ 
Sfure of th km. thu is, PF s; .-i!^^. 

For jy r: mx,— xx =: 2ax nearly, and x =^ 


2a 

r 


"' Con 2. STiS^ aberration hy ibe fpherie^efs of fhfi^ 
figure^ is as the verfedjine^ or as tbtfquartd^ ijbg^ 
tordj of half tbi arclh AV . ^ 

' Cor.^ 3^ Tbe aberratioti in lingt^^ PF^ ofi a flqt^ 
tonvex khjj is 4t times its tbic^ne/sT^ ^fi^b\ 

Voxm =r 3, » =: i, and — - ^^^ — ^ =: -§L ^ zr 

Cor, 4* T'/&^ lateral aberration ¥G jorrefpondif^ 

14 PF, /i = -^ — X ^ — 

nn 2da 

,For CF = J!^, and VF - ^^ - — 


m- — n m — n 

na 


. And by fimilar triangles PD or FV ( rr-^ ). 

: .AP.(jr) : : PF r*" _ vvV^EGr: !!?i? X ^ 

Cor. 
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■ Cor. 5. rbe aherr^tion PF = . J^ x, i^. , ^^1" 

, ^ir«* 2VF'9«- 

^ild /^ ttitr^\,dm Bhf^ hltrrtiiioh • FS = 


— * X 


2VF* 

*' For (Prop; Xin.) tli? rays going ihtb a rirer 
medium, »:»»:: VF : CF. And jii : m — h : : VJ^ 
a CV i Vhtncfe n % CV fbr «^(^) t: to^Zr» jj VF. • 

-tKe^efdre PF - . ^^ X^ - nm ><?j^ , 

1 nererorc r r — - — » .; h\N,MUj -^ - -ilj *^ i ^ i t f, , i . ^ » 

And FG = — X -^ — =3 -7-^- v ; " - •• *- k 

im ifw eM*— »*)^VF* 

Cof#6. In a deuUe tinwa imi^ d^ ftt fAmfoHtk^ 
Siftance \ th^ aberrations wilt be nearly the fame as in 
yb$ plM> conl^ex, , ,- . . . 

For the i^i^s AP, VF will be nearly of the fame 
length fts before ; and therefore their dL9rerence,-4>r 
the ^beitation wUl be the fame. 

« 

Cor.^ p If the rayt iotrt eMe pd^AlkU ht^ Xver^-- 
in^j the aberrattdH will ie fomething gre)a}er\ and 
converging fomething lefs\ but majf ie lahm f$t^ the 
fame. 

Cor. 8. If pdratkl ray'i (ef' iky Others nearly) fall 
upon the plane fide of a fh^to . o^^ex A^»- ihfdia- • 
m^ier efjhe leaft circle ^' aberratHnii n ^tb^.aberH^ 
tion made at the principal focu^ \ (fr aJQl :± t FG x: 

nn 4aa m^^n 4VF* 

For this is the feaft, <^heh ^E ^^V^, utiA tY 
' txxts AG ift- Q. And fe (fefftbtt^frit^ tmSdy tUc 
fame way as Prop. XXIV. B. II. Aild h&ide 

Cor. 9. ^e circle wh'efe diameter is tC^^ c,^^tf{ffs 
all the rajs refrail'ed by tte tens^ bit'ween A anttB. 

L 2 ^ For^ 
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Fig. For EQ^ cuts AP in Q, at the greatcft diftancc 
90. from the axis VF. 

Cor. 10. Henci if the principal focal diftance is gi- 
ven ; the lateral aberrations are as the cubes of the 
breadths of the Urn. And if the breadth of the lens 
be givfny the lateral aberration is reciprocally as the 
fquare of the focal dijiance. 

I Con 11. If the focal diftances and apertures of a 
resting concave^ and a convex lensy he the fame, 
^he diameter of the circle of aberration caufed by 
their figures ^ will be above 30 times Ufs in the re- 
fieSor than in the refraSor. 

For ("by Cor. i. Prop; XXIV, B.II. and Cor. 8, 

B* 

. of this); thcfc diameters are ~r^, (where / the 

focal diftance = iR), and ^ X -:2L (^where / 

nn 44^ . 

B' 

= ia)y and B = j^. And thefe are as* and 

2flx2Li that is, as JL ta 2^ora$itoi^^ 
m ff 16 nn nn ^ 

or as I to ' '^ - or 36* 

4 

PROP. XLI. 

97* het the fine of incidence^ going out of a denfe me^ 
dium be », the fines of refraHionj (into a rare me- 
dium) of the kafty the mean^ and the moft refrangi^ 
hie rays be p^ «, j. ^hen if a piano convex lens be 
expofed with the plain fide to the fun \ the diameter of 
the circle of aberration IK {by the different refran- 
pbility\ is to the diameter of the lens AB ; as q — p^ 
to q +p — in* 

Becaufe all the rays fall perp. on AB, they arc 
#iily refraftcjd by the furface AVB. Draw the ra- 
dius 



i 

I 
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dius CAL, and the axis CVF, and RAG, SBH Fig. 
parallel to CV. And let AI/ and BK/ be the 97. 
leaft refrangible rays, and AFK, BFI, the moft 
refrangible. Thro* I, K draw LH which will be 
pcrp. to C/. Now fince the arch AV is fuppofed 
to be very fmall, the angle ACV is very 
fmall, and confequtotly the angles LAG, LAI» . 
LAK are likewife very fmall ; and confequent- 
ly the lines LG, LI, LK are nearly as the fines 
of thefe angles ; therefore if LG =: », then will 
LI =A LK = q: For LAG -or RAC is the . 
angle of incidence. Hence GI = (LI — LG ==) 
/> — », IK = (LK—LI=) J— j>. And 10 = 

ilK = illlf . Therefore GO or AD = (GI + 
2 

10 =)p^n + 'lJIZLzzLt±=:lI^^, and2AD 

2 2 . 

— p + q — in. Therefore 2 AD or AB : IK : : 

p + q — 2» : J— ^. And all th€ rays between A 

and B, pafs thro' IK. 

Cor. I. Diameter of the circle of aberration IK : 

diameter of the lens AB : : iZZZ : m — n. 

2 

For jp + ? = 2191, and IK : AB :: j — ^ : 2»— 2» : 
LZZJ : m — n. 

Cor. 2. ^he aberration Y f \ focal difiance f\i : : 
y— p : m — ». 

For by fimilar triangles, /D : Ol : : /D : AD \ 
and 2/0 or /F : 2OI or IK : : /D : AD or 4^AB. 

And/F :/D : : IKi^AB : : iHl: ^IZlli : j— ^ 

2 2 

Cor. 2. In a planoconvex glafs the diameter of the 
circle, of aberrations^ or that which cuts all the rays^ 
is the sstb part -of the diameter of the glafs. And 

L 3 the 


-^ 
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Fig, tjb£, a^ert^tion in l(ngii^ *^ fkd ^7^b ar zStk pari of 

'^,jh^ fofc(l4ifi(mce^ ' 

• ' ' For in gl?Jfs nzz. 50, ^ zz yj^ ^ =r 78. And AR 

; HC : : m-rrrn (A74) :£ll£ (f ) : : 55 : i. An* 

Cor. 4. Tbe diameter of tM cird^ of ab^^rtations^ 
/» which all ths rays are cofitain^dy that a^^& ths^ 
/(nji;, is hardly tbe^ iootb j^ari qf the dian^eter ^ thu 

* Th? forcj^iipg co^np^tatio!? ta^iea in aU thp rays^ 
but fjnce they ^re exp^eding thia tpward the cir- 
cumference of the ^circle of* aberratipnsj^ and ex- 
c^€(£tig dcnlie near the center ; not above a quam. 
ter of that makes any fenfible; impreflfon* And 
t^eref<?r« 4 >C 5:5 or a.20 «>. k mli ifow be* tjic ra^^l 
tio of AB to KL 

• J • • • 

. • - ■ 

Qm, 5. In Mfjtrmhgl^i^ tht ah^uttkm d^e as- 
the diameters of the glaffes, And: the angles, of aier^ . 
ratjop,afeaf. tfaie- l^r^dtk of the, glaj^^, d(rei}lyx apd 
the focal dijiance^ ittSPprfe^* 

q5^ Cor. 6. Hence ifbbe the breadth of the hns^fthi 
gy^ focal diPance-^ tb^ aborr^ation hy the figure of the lens^ * 
is to the aberration by 4he different refrOf^l^ity^x 4is: 

tn-r^^ i6ff ^ :^ 

For Cor. 8. Prop, XL.) the diameter by the fi-; 
tnm ' ABf fn$n> , b^- 

f^^rt 8X4VF* ^_i,*. 32// 

-fl^ndTtbP-diamet« by: the. atoerration (by.(^or. i,. of 

this) is — t lT^ ^b. Divide both by -rtr—=tt>: 

2Xnt — n 2X» — n 

rodyou have tbe>ratjo as.abave* 


4 

I 

\ 


I 

i i 


B. IIL ' ^ I O' P T^- t^S. ^ i^i 

ij ibt figure of iht ^^^; is ijHife iHcon/tdetable^ and 96* 
ik^ $e retkoiied as noibrn^^ iniefpik ^ the errdlr^ ^7# 
the differ mt refrangibility. , 

For in glafs rf ± sb, p = jj, hi = 77^, ^' = 78^ ' 
tod the error by the -figdi^i is to the error by tRe 

iiiflferent refrangitility, as ^\^ to i. For j— ^ 
= ,. and *^. X 4, = 22i?-i2i X '» - 


! •'" *' " in—n rS/T" 27f i<^ 4 


nr , ""idjor 11x32 f/ ^ ^ ff 

Ex. I. 
Sir^p(>fe^ ^ r: 4 iriche^, / rr rod feet = lido 
inches, then ii|g^ = ^^'^^ >^ ^ ^ = ii^±^ 

. jf ^ 1440000 1440000 

And the crrbf tf the figure ii t6 tife tfrbf by re- 
fraAibn, ife 218^-4 Yo^ 144:0660, or ii^ i to is9\^ 
And if the rays that affeft the fenfe bVbnt^ a quar- 
iix of this, (ar iii Cor. 4'OV th^ ratio bfecbmd* as i 
t6^f6^8. 

Suppofe ^ = 2 inches, / zr 240 inches ; and 
i3>65^^ _ 13.65x4 u. "^f^^S _ 13-^5 — 
jST ' 240>C24'o icto'Ktio^ t44db 

4^-; ^rld^ thW^ tfrttis aS • 16^5^ tb' i'. Arid if wq 
i055» 

rccfcofr oaly thtJ^ nitaH ' rayfe ; » it ^P fc* n6 tefsT thah 
Z63 to'r J' a^triflteg qUaftti^f5f tJttf fijgiffe of tte 

From henoe \i a|kpekrs? that the' \tp6t the fqpial 
4iftancd df' the gferifts are, tHif rnfcSfe' cdrifiderabfe 
is the error proceedings. ftt)riii the figiffe of the glad- 
A^ therefore in microfcopes, the aberration arifiog 

L 4 from 
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JFig, from the fphcrical figure of the gkfles, may have 

96. a fenfibie effedt \ by rcafon of the fmallnefs of the 

97. IpKeres, and the large apertures required thereiiu 

Cor. 8. Ifibe breadth of a glafs lens he. \- the dia^ . 
meter of the ffh^re ; the aberration ^ caufed by the J?- 
gure^ is nearly equal to the aberration caufed by the 
different refrangibility of the rays. 

For by Cor. 6. the aberration by the figure is to 
the aberration by the different refrangibility; as 

to J — ^» Put them equal, then 


mm ,, bb 


w^n i6ff 


mm. .> bb __ _ . ^„ ? 1 « .. bb 


zz q — ^, or in numbers, -J. X 


i»— « i(>ff Wf 

zz I. And ^bb = i6ff And extrafting the root, 
3^ =z '4/* =: 4 X radius in a double convex =: 2 di- 
ameters, and ^ =: 4^ the diameter. 

Cor. 9. ^he aberration in any lens by the different 
refrangibility^ will be nearly the fame^ as in a piano 
convex of the fame focus. 

For in a double convex of equal radii, the re- 
fraction at each furface will be but half fo much 
as at the convex furface of the piano convex, which 
has double the curvature. 

Scholium. 

Altho* glaflcs formed into the figures df the conic 
Icftions or any other curves, could refrad the rays 
accurately to one point. Yet fince no method has 
been found out to give them thefc figures, by grind-* 
ing them into their proper forms ; and a glafe may 
be very truly ground into the form of a Iphere. 
Therefore Opticians are obliged to make ufe of 
Ipherical glaffes upon all occafions. And if we had^ 
glafles in the form of any curve, we chufe, yet 

none 


r 
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none of them can, in the leaft, alter the diffefent Fig. 
refrangibility of the rays. Neither can any curve 96. . 
refraft the rays ifluing from the collateral parts of an 9^, 
objeA, to a lingle point. And therefore fince all 
the errors of glafles are to be attributed folely to 
the different refrangibility of the rays. Thertfore 
fpherical furfaces may be of the fame ufe as the 
beft curves ; and being fo eafily made, they arc 
nK>re commodious fo;* dioptrical ufes, th^ any 
other curves whatever. » 


..-«-*' 
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« 

^^" ComMnatkn tff Gt.Assis 5. tfW /-& 

CRO s COP E s , and other Optical ■ tn^ 
firuments. 


P R O B. I. 

pjg^ 21^ exptflin the Nature and ConftruSion of the Eye* 

AS the fenfc of feeing is the nobleft fenfe be- 
longing to an animal, without which he 
woufd Eve in perpetual'daitiRfls; fllfatSlrto^pcrfornl 
the neceiTary exercifes of life ; and fince all that 
has been demonftrated of glailes^ and will hereaf- 
ter be demonftrated of all optical machines, tend 
only to this fmgle ertd, to help and improve this 
fenfe of feeing. And fince the eye is the organ, 
or inftrument by which vifion is performed ; it is 
by its nature an optical inftrument,^ and the foun- 
dation of all others. And therefore it cannot be 
amifs to give a Ihort defcription thereof, 
g • ABCE is the eye, its figurefpherical ; by reafon 
"^ ' of which, it is eafily moved any way in its focket. 
The fore part at A is more convex than the reft. 
Jjis^oontftined in three membranes, the outermoft 
15 the Sclerotica ; the fecond the Tunica cboroides 5 
the fore part of it is called the 7m, which confifts 
of many fibrf s like fo many radii- The third or 

inner- 
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imfifmoik h caUccl the Retina^ which is nothing Fig, 
but the optic nerve, fprcad over the bottom of the 98. 

In tbel^ are contained the three humours of the 
eye -, the firft is HAI, called the Aqueous humour, 
wbiqh is a thin liq^upr like water. The iecond is 
TfQ tliQ Ckrifi.0lUne-, in the form of a lens, more 
CP.avQx behind towards C. Adjoining to this is thb 
third KI^, cajled the Vitreous^ humour. 

Tte chriftalline is more denfe than the vitreous^ 
mdl ^e. vijti'epus more denfe than the aqueous hu- 
ijior, and all together make a compound lens, 
which reiVafts the. rays, of li&ht, iffuing from arv 
objeft PR>^ to the bottom ot the eye, and there 
P4int;s, its image pr in the focus upon, the retina, in- 
verted* 

The figure of the aqueous humour is a menif- ^ 
cus, and Ho is that of the vitreous. The fore part 
Qjf the fclerotijca is called the Cornea^ and that' part 
adjoijaing to. it, is called the fVUte 6f the eye. 
Within the cornea is a coat called the Uvea v in the 
TOd4le of; tbia is a hok Q Called the Pupil^ to let 
io the rays of light. And the pupil is contracted 
or dilated by feveral mufcular fibres in the uvea or 
iris^ according as more or left light falb on the eye, 
and that by an involuntary motion. 

D is the optic nerve goin^ from the retina to the 
common fenwrium in the brain, where thefe images 
ore perceived This is not in the middle of the 
eye, but lies nearer the fide E,. which is towards the 
nofei 

Round; the edge of the chriftallineAFGr, is a ring 
of fibres, by help of* which the diffancc AC is 
^^it longer or Ihorter, in order to bring the image 
Jr upon the retina, fordiftind vifibn* And per^ 
haps thefe fibres alfo make the ichriftalline more or 
lefs.fouyex at the fame time. This ring 6f fibres 
is. called lie Ligflmentum ciUarje ; and its back part 

IS 
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Fig. is black, to ftiflc the rays that are rcflefted up- 
98. on it. 

The eye is moved in the head by feveral mufcles 
inferted in the fclerotica, fo that it may be quickly 
direfted to any o^eft. 

If the image of an objefl: does not fall upon the 
retina at />r, the vifion will be conf^fed. If it fall 
Ihort, or nearer FG ; then a concave lens that 
makes the rays more diverging will bring them to 
the retina. This is the cafe of purblind or fliort- 
fighted people^ who are forced to look very near 
* an objedl ; or elfe they muft ufe concave fpeftacles. 

If the rays do not unite till they get beyond the 
retina, as in moft old people -, then a convex lenar 
of a due focus, held between the eye and objeft, 
will make them converge, and fall upon the re- 
tina. Therefore long-fighted people muft ufe con- 
vex fpeft^cles. 

Altho* the image is painted inverted in the eye, 
yet we judge it ered ;. becaufe we always find it fa 
by cuftom and experience. 

The diameters of images at the bottom of the 
eye, as/r, are proportional to the angles which 
the objefts fubtend at the eye, as POR -, the fame 
as in a lens ^ and are reciprocally as the diftances 
of the fame objeft viewed in different places. 

The eye is in reality no more than a camera ob- 
fcura, for the rays of light flowing from all the 
points of an objed, thro* the pupil of the eye, do 
by the refraftion of the humours of the eye, paint 
the image thereof in the bottom of the eye. Juft 
fo it is in the camera obfcura, where all the rays 
refrafted by a lens in the window fliut, or paffmg 
thro* a fmall hole in it, paint the image on the 
bppolite wall. Some properties of the eye arc 
thefe. 

I . The eye can only fee a very fmall part of an 
objedt diftinftly ^t once. For the collateral pjdts 

of 


B. IV. INSTRUMENTS. 157 

of an objeft are not reprefented diftinftly in the Fig. 
eye ; and therefore the eye is forced to turn itfelf 98. 
fucceflively to the feveral parts of the objedl it 
wants to view, that they may fall near the axis 
of the eye, where alone diftinft vifion is performed. 

2. When any point of an objeft is fttn diftinftly 
with both eyes, the axes of both eyes are dn-efted 
to that point and meet there. And then the oh* 
jedl appears fingle tho* lookt at with both eyes* 
For the optic nerves are fo framed, thaf the a)r- 
relpondent parts in both eyes, lead to the fame 
place in the brain, and give but one fenlation ; and 
the image will be twice as bright with both eyes as 
with one. But if the. axes of both eyes are not 
directed to the objedt, that objeft will appear dou- 
ble, as the piftures in the two eyes do not fall 
upon correfpondent or fimilar parts of the retina. 

3. The beft eye can hardly diftinguilh a parti- 
cle of matter that fubtends at the eye, an angle 
lefs than half a minute. And very few can dif- 
tinguifh it when it fubtends a minute. If the dif- 
tance of two ftars in the heavens be not greater 
than this, they will appear as one. 

4. Young people can fee nearer hand than old 
people 5 for as men grow old their eyes grow flat- 
ter ; and to coUcft the rays of light at the retina^ 
the objeft muft be placed further off. And this is 
the reafon that Ihort-fighted people as they grow 
older fee at a greater diftance. 

5. Tho' men rnay fee diftinftly at different dit 
tances, by altering the pofition and figure of the 
chriftalline, yet they can only fee diftinftly within 
certain limits, and nearer than that, objcfts appear 
confufcd. But thefe limits are not the fame in 
different people. A good eye can fee diftinftly, 
when the rays fall parallel upon it; and then the 
principal focus is at the bottom of the eye. 

6. If 



1 


rst p P TIG AL 

Fig. 6. If a good eye views an objeft at the teafr 
98. diftance it can be feen diftinftly, and theij at twice 
that diftance, and then at an infinite diftance; 
there is about the fame alteration made in the fi- 
gure of the eye between the two laft cafes, as there 
is between the two firft. - 

7. If a ftiort-fighted perfon can fet an objeft 
diftinftly at two diftlnces, whcrcctf one is double 
the other. As great an alteration muft be mada 
in the figure of their eyes to fee it at an infinite 
diftance,, as there was made for the firft two diC- 
tances ; or as great an alteration as is made in i 
good eye, to fee diftindlly from the greater diftance 
to infinity. And therefore a ftiort-figjited pctfim 
can fee diftinftly at all diftances with a flngkr con- 
cave glafs, bf a proper figure. And hence th& 
caufe of fhort-fightcdnefs is not a want of pOWdT ^ 
to change the figure of the eye ; but that chaise 
is not great enough to accommodate k to all drf-^ 
tances, taken from a point fo near the eye. 

8. A man can judge of a fmafl diftance whli af 
fi^ngle eye, by frequently ofafcrving how nnruch Vit- 
nation is made in the eye to make the ob^e^t dtf- 
tinft ; and from this a habit of jtjdging is' acquir- 
ed. But this cannot be done at great dift^ces,- 
becaule tho* the diftance be varied, the cAr^Wge inr 
the eye becomes then infcnfibfe. 

9. But a rmn can judge of greater dft^JtitcdSf Wftfr 
both eyes, than he^ can: with one eye. Fdr t\kr 
eyes being at a diftance from orfe another, as l<5ng 
^ that diftance has a fcnfible proportion to the 
diftance of the objed^^, one gets a hafoit of judg- 

^ fng, by the pofition of the two axes of the eye^, 
which are always diredlcd to that potnt. iPor dif- 
^ferent diftances require difl^erent pofitions, of th'tf . 
axes, which depends on the motions- of the eyes? 
which we feel. But iir very great dtftancts; -liO* 
judgment can be made from the motion ot the 

eyes. 
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.^f^? 9r 4^^M ilti^nal pam« TJborcfase we canFig^ 
9n)y guefs ^t th* diftioce from the magnitudiP, oo^ 19%. 
iour, and the pofition of interjacent bodies. 

I o. Whatever bght falli upon that part of the 
retina, where the optic nerve D,. fprings, makes 
^D impreflion -, a^nd therefore if the piAure of an 
lObjed falls thereon) it is iiot pe]K:€ived9 and foihat 
obje£t is invifible. This will appear by placing a 
&n^l bright objeS: before you, and looking at it 
wth one eye, and moving your eye laterally to^ 
:«aFd$ the cpntrary fide (towairds the left, if it be 
the right eye), the objedt will difappear, and feem 
-to be loft ; and moving k ftill further, it will ap- 
pear again. Now this place is not at the bottom 
pf thfi eye, but nearer the nofe in both of them ; fb 
that no* irays either parallel or diverging-, that come 
from any objeft, can fall upon th^t place in both 
the eyea j fo that any 6ix}Q^ we direct the eyes to, 
will always be. vifibfe, at leaft to oine eye. But 
the &mrlH%ht objed'may b^ rwadeto difappear 
to^.faotih eyes, by direding the axes of both eyes to 
a point a. little beyond the nofe, to be found by 
trials. 

II. Dioaoefstof fight generaHy attend old peo-^ 
^le, aad this may apife from two caufe», i . by the 
eycsigcowinff flat, and not i^mting the rays at the 
r^etisa^ whicn caufes ind^il^n<5knefe of vflionv or, 
a. by (heopacity of the humours c^ the eye, which 
in tim^ lofe their tranfparency in fome d^r^e; 
fnm) whenc© it foltowfr .that a great deal of the 
light is ftopt and k>^, thai enters the eye ; and 
every obje& appears faint and dim. . 

iiZ, As the ray^ of Kght flowing fr-om an ob- 
^S!&^ and p^ntiing its- image upoi^ th^ retina, Is . 
the inuncdiafie caufe of feeing. So where there Is 
flO; ^ht, there >:an bjs- no vifion •,. eonfequeotly 
Wijhoutr li^i the eye becomes a machine uttarly 

ufelefsj 
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Fig. ufclefs ; as it can give us no manner of informs^ 
98. tion of the exigence of bodies at a diftance from us. 

P R O B. II. 

To find the places andpofitions of the images form^ 
id by feveral lenfesj or refleSors. 

There niay be an infinite number of cafes, of 
this problem, according to the number of Ionics 
and their .diftances from one another ; but any of 
them may be folved in general thus. 

Draw a right line thro* the centers of all the 
lenfes, for their common axis. Then having the 
pofition of the objed, find the focus of the firft 
gjafs, or the place of the firft image. This being 
' ^ had, and the place of the fecond lens -, find the 
other focus, or the conjugate focus of the fecond 
lens, or the place of the fecond image. This be- 
ing found, and the place of the third lens ; find its 
conjugate focus, or the place of the third image» 
and fo on from one to another, as long as there are 
any lenfes, till you get the laft image. 
• The places of the images being known,, their 
pofition as to their being ereft or inverted may be 
found thus. Take a point in the objedt above the 
axis, from which draw a line thro* the center of 
the firft glafs, and continue it to the focus, there 
you will have the firft image of that point, and if 
It is above the axis it is ereft ; but if below, /tis 
inverted. From that point draw a line thro* the 
center of the fecond glafs, to the fecond image, 
and that gives the fecond image of . that point, 
which image is ereft or inverted, according as 
that point is above or below the axis. After the 
fame manner purfue the ray thro* the third gla&, 
aild then thro* the fourth glafs, and fo on to the 
laft, where if the laft image of the faid point be 

above 
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' abpve the axis, the image is ei-edb 5 if' bdow^, it is Fig« 
inverted. If there be any refleftors, , piirfue the 
ray, after the fame manner, to the refpeftive foei. 

• The Ihorteft way to find the conjugate foci, of all 
the glaffes, fucceffivcly, is to get the principal foci 
£rft i and then thcfe will be had by Prop. XXI. 


Book III. 


I 

! Ex. I. 

k Let AB be a reflefting ccmcave, PQ an Objed, 99. 
draw the axis QD, and find the focus q. From P 
the higheft point of the objeft, draw PD, and the 
rcflefted ray Dp, then ;p is the image of P^ and^j^ 
the in^age of PQ ; and fincc qp is below the axis, 
the image is Inverted. 

Let A, B, C, be three lenfes, PQ^an pbjeft. lOO. 
Draw QH the common axis of ^L the lenfes ; in 
the axis QH find the conjugate foci Qj F^ of the 
lens A ; and F, G, the conjugate foci of the lens 
B ; and lafUy G, H the conjugate foci of the lens 
C. Take the point of the objed P above the axis, 
and thro* A the center of the firft lens, draw PA, 
and continue it to L at the focus F ; then L is the 
image of P. Again, draw LBM thro' thie center 
B of the fecond lens, to the focus G ; then M is 
the image of L, pr the fecond image of P.', Laftly^ 
draw MCN thro' the center C of the third lens, td 
the focus at H ; and N is the image of M, or the 
third image of ^. And becaufe HN lies below 
the axis, or contrary to the pofition pf PQ, the 
laft image is inverted. -^ 

Ex, 3. 

Let A, B, C, D, be fourlenfes^ PQ^an objeft, tor, 
Di^aw QK the common axis of all the lenles. In 
this axis find the conjugate foci Q-, F, of the firft 
lens > F and G, the conjugate fpci of the fecond 

M lensi 
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Fig. lens i G and H, the coftjugat^ foci ef tfie th&d 
1 01. lens; laHiy, H and I the jconjugate foci of the 
fourth lens, which . is a concave. Tdte a point of 
the objea P, above the axis, aftd draw PAL thtct 
the center of the fitft kris to the foe^ F ; tRcn 1j 
is the iniagc of P. Draw LB to the center of the 
fecond lens, cutting the perpendicular GMj at th^ 
focus G, in M ; then M is the image of L, or the 
fecond inwge of P* Here the rays^ whkiK bjr tha 
, glafs A, converged to L ; by the gla& B art madb 
;o converge to M. Again^ draw MCN.thro' the 
center of the third gla&j to ait the peep.. MN M 
the focus H, in N ; and N is thc.imagc of M^ ofr 
the third image of P. Laftljr> draw: NE) to i the 
center of the fourth glafs, cutting the perp, IO» 
at the focus I, in O ; and O is the imagf of N, or 
the fowrth image . of P. Here: the . ra,yi dhrcrglng 
from; N, and failing on the concave ^atf$ D^ ^^ 
made to. diverge fnJm O *, juft as tfo ra^i divteg^ 
ing from H]i are ma(^. to diverge ;fi-(teii. L And 
^nce IQ is. an the fame fide df the axi$^ ^ the ob^ 
Jed PQ, it will appear to be ereft. 

And thus the rays proceeding from ah otj^ft^ 
may, be, traced thro' acgr number ofJenfes, to tb^ 
plage of the kft image. 
♦ « 

Cor, I, HencSy if part of the rays are^fiopt hy /ftp 
way^ what remains wiil bekng to the fanu Jocufes as 
tfefore ; . and the fame images will be made by thefefot-^ 
Hal pencils of rajs that remain. 
. For. in die oblique pencils, a great many rays^ 
riiifs the following glafles, and are toft ; and the 
more io^ the more oblique they are. But that 
does not aSe£i; the re% which will flill go to their 
own focus. 

Cor, 2, Hence the proportion of the lafl image to- 
fie objeS is eafily, found. And that isy as 10 : PCL: : 
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fo AF X KG X CH X DI : /o QA X # X CG >i Fig. 
0Et. 101. 

For ^Q' to 10 is compbtindcd of the ratio of 
I*Q td n., PL to MG, MG t6 HN, ^d HN to 
ID i that is, of QA to AF, BP to BO, CO to 
CH, ated DA toDf ; or of QA xBF x CG xDH 
to AF X 6& X CH X Dt. 

CW. i, Uktiviji tbt dpparhtt ma^tRkdi^ the hft 

imdge lOfeen/rbm bHypoikt K : 
is to the apparent mgnitude if the ohjeS VQJeen 
from A, •coitb the naked eye '. : 
<ij 61 X CH X bo X AF t 
tdJSi >i Dft X CG X BF. 
F6i the apjparerft ftia^nftude of lO; to tte ajp-. 
pareflt magnitude of PQ, is as the aingle IKO to 
the an^e QAP. But IKO to QAP is compounded 
df the ratios 6f KG tb IDO, and WO or HON 
to HCi^y and HCNdr GCM to GBM, andOBM 
* FBL t(J FAL of QAP } that is, of the ratios 
<tf Dl tb KI, and CH to DH, arid BO to CO, 
irind AF to BF ; . dr ai dl X Crt X B0. X AF toj 

Ki >: DH ><: eo X BF. ' 

• <• » 

Cor. 4. Therefore where^ there are hut ihree tenfes,^-, 
A, B, C ', and the eye oifC. The 'apparent thagni-r 
tude of the lafi image GM : is to the apparent magni- 
tude of thedlyeSt PClfeea from A:: as BG X AF ; 
/oCGxBF. 

p R o B. m. 

^ofind t^e place of tbe^ eye^ where the vi/iile iiria, ^Qr^ 
tf the objeS is the gteaiifi^ when [ten thro* fewr4l 
glajfes. 

This Witt ht ift the place v(rhere the axes of ill 
the pencils meet. Suppofc A the centre of the 
firit glals, to be a radiant point, and that the rat^ 
iflbing from A^ are refradted fucceflively by all the 

M 2 gl^^' 
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Fig. piaffes BC, EF, &c. Then find the focus Q made 
102. Dy refradion at the iaft glafs EF ; and G is the 
place of the eye. And this is found after the man- 
ner of the Iaft Prob. by finding the conjugate foci 
A9 D) for the glafs BC ; and then the conjugate 
foci, D, G^ for the glafs EF, and (o on to the Iaft, 
which is done either by Prop. XXI. or Cor. 2. 
Prop. XX. of Book III. 

Fof fined the glafs A is the' common bafe of all 
the pencils of rays that come fi'om the objeft ; the 
axis of every pencil, LA, OA, NA, will pafs 
ftreight thro*, the center A of the ^lais, and LAC, 
OAD, NAB, &c. will be right hnes. Therefore 
A is- the radiant point from which all ^tjiefe axes 
proceed. :. Thefefore it follows of coiirfe, that, all 
thefe axes or middle rays interfed again in the fe- 
veral foci D^ . Q &c. And confequentjy if the eye 
fa^ placed at the Iaft focus G, it will receive all 
thcfe middle ra^s, and befides as many of the coU 
lateral rays of every pencil, as the breadth of the 
pupil can acjmii:. Therefore the vifible area of the 
objeft will be greateft, when the ^ye is in the focus 
G. For if the eye be fuppofed at any other place, 
.the eye will take in lefs, becaufe the feftion of all 
the rays becomes greater ; (for it Is the very leaft 
at D>, and fewer of them will fall on the pupil. 


<v 


. Cpr.; I . Jf ti^ laji glafs EF be a concave^ the eyi 
fnufi be put clofe to the glafs. 

For its focus G will fall between the glafs EF 
and the point D ; and the rays coming from it 
thro* the glals will diverge, and the fefltioh of the 
rays, on the outfide of the glafs, will be the leaft 
neareft the glafs. 

Cor. 2. The focus of the axes^ of all the pencils^ 
is a quite different thing from the focus of any one 
/pencil..^ 

For 
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For the former has its radiant point in the centre Fig, 
of the firft glafe J and the latter, in the objcd itfelf, 102. 

Cor. 3, For the faifie redf^n^ if A be a concave 
refleSar;^ and A, D, conjugate foci to BC ; D wiRjbe 
the interfeSion bf aJl tbeu axes of the feveral pendls^ 
or the place of the eye. 

PRO B. IV. 

Having given AF. the kafl.dijianci that a long- 103. 
fight ei perfon can fee aiftinfffy ; or the great eft diftance 104. 
a Jhort'figttei perfon can fee djftinSly ; and AQ^ the 
diftance be wants to fee diftinSfy. To find the radius 
of a glafs fit for that purpofe. 

Let AG be the radius of a double convex, or 

double concave ; take AC =: 2? — -^, for the 

AF — AO 

radius of a convex lens, for the long-figKted per- » 

fon ; or. for the radius of the concave, for the fhort- , 

fighted perfon. 

For if C be the principal focus of the double 

convex, or double concave lens j or which is the 

feme thing, C A •=^ the radius of the fphere (by 

Art. I. SchoL Prop. XIX; B. III.) Then (Prop. 

XXII. ib.) QF ; QA ; : AF: CA =^^ ^j^Q = • 

QF 

AF— AQ ^ 

wjU enter the eye of the long-fighted perfon, as if 
they came from F, and will therefore make the 
obje(% at Q appear diftinftly Cfig. 103.) and the 
rays proceeding from Q^ (fig. 104.), will enter the 
eye of the fhort-fighted perfon, as if they came from 
F •, and will therefore make the objeA at Q appekr 
diftinftly to him, when AC the radius of concavity 
— AFxAQ ^ Q^ AF X ACL 
^ AF - AQ' * AQj-^^^AF* 

M 3 Cor. 
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Yig. Cop I* A hn^'Ji^btei ftirjon that tant^ Jfe4 dij* 
ioi. tinSfly nearer than F ; cannot fee difiinSlyneat)rtb§n 
: ' Q^;by)oelpof theglafs^Xi: ButfromX^toC^or 
fifrtketi be can fee dtftiaSHy. . 

' Fpr as F approaches die glafs, Q^^^proacbeis it ' 
(iCor. 2. Prop: XXXV- B: III.) ; but nearer tfian 
F, the object is confufed; therefore nearer than 
Q, the image is confufed. But beyond F it ii 
di^ft, therefore beyond *Q^it is diftindt. 

" I I ' t 

Cor. !^. If the hn^-f^bted p^fqn canpnlyfei ?^- 

jfSis dijlinilfyy which are^ery remote''^ 4ien he ptfi/i 

.have a conviiK lens whofe focal di/iance is AQ^ ipffe 

dipSs diftifiSly at the diftance AQ. 


For in this cafe the radiu$ is 


AF X AQ _ 


AF 


¥i^m 


T=AQ> 


bf c^yfe AF is Infinitely greater tha^ AQ. 


104. Cor. 3* Afhort'figbtedffirfon that, canngt fee dif- 
^ tinfity farther than F ; cannot fee d^ip^ly fHriber 
• ihan Q^ by help of the concave gUfs BJ). htU c^n 
fee diftindt ly from Qto F, or nearer. 

' For as F and Q^ both r/scede fronj tl^e glajs ; 
and beyond F, the objedl is conftifecj, iq is the 
image beyond Q^; but on this ftdPQf Q^it is 
diftinct, • ' ' 

Cor. 4. If AF be the great eft diftance^ , a fbort- 
fi^hted perfon can fee diJiinSly ; tbt:n by help of a con- 
tavcj whofe radius or focal diftance is AF, be will he 
a^le to fee all remote objtSls^ to infinity. 

tor in this cafe AQ is infinite, and the rays 
fto^i Q will be parallel ; and confequehtly F is the 
tbciis of thiefe parallel rays, and FA the radius of 
t^c g}afs. And in all reqidte bbjeds, the rays are 

Cor. 5. From thff§ rules a man may if fitted with 
4be moft proper fpe^ckiy tho^ lie lives at a diftance 

from 


r 
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; frcm ike mnkir ; by fffi&ig Unp the focal £fiancis. Fig. 
1 1 But if glajfes are at hand, be mayie better fitted ly 
'' trial ; taking notich to chufe ti^fe that are the Uafi 
cowvex or concave that wrU fit Urn. Tbefe wifl pre- 
vent a perfon from growing mare long-^^i or 
fi>ort:figbt€d^ for fome iime. 

SCHOI^IVM. 

When glafles are put into fnunes for fpeftacles^ 
thefe frames ought not to be ftrei^, (0 as jboth 
e^es may lie in the fame plane \ but they ought to 
be fo bent in the middle, that the ^es of bpt^ 
glafles may be tlireded to one point, at fuch a dif- 
tance as you geilerally look with ipeflacles. By 
this means the ra^s will fall perp. upon both glafles, 
and make the objed appear di^n£t. But £ they 
^all obliquely upon the glaflbs, it will cauie a con^ 
fufed appearance in the objed^s. Therefore the 
. ihape of the fra^ne ought to be as reprefented ii^ 
fig. 105, where AB is the plane where one glafs is 105* 
fixt, and CD the other. 

Speftacles are the moft ufeful ^tical machine in 
the world. Few people that grow into years, but 
have occafion for them, to hsAp their deftftivc eyes, 
which without diem would be i^kf^ i» a great 
many occafioift in life. 

P R O B, V. 

To make' a cancave ^^iflum HD of a given thick- ^^^ 
nefs BD, and wbofe inner radius AB is given ; that 
fball refle£l parallel rays RH, to the fame focus F, 
from both furf aces YilA^ pI. 

It is plain, that the ray which is refleded fix)m 
the kindmoft ft^irfacc, will be twicp refraAcd. For 
RH is firft refraded at H to the focus /, and then 

M 4 reftofted 
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Fig. refle&ed at I to the focm G, and laitiy refrafted at 

io6. L to the focus F. 

Let AB = <j, BD = /, DG r: y, radiusCD=z; 
W) « the fines of incidence and rdradion. Then 
to find/, the focus rf the refracted ray HI; we 
fliall have (by Cor. i. Prop XIII. B. IIL) »»— » : 

tn :,: AB [a) : B/ = J!±- j put j = _^_. Then 
to find the rcflc6ted ray IG, (by Prop. V. B. II.) 

JL)G (^). Whence qax + /^ — zy ir qaz — qax + 

tz^^tXi and when reduced x = g^z + /z _. 

2 j/i + 2/ — 2; 
DGv and BG = x~/ = ?«^4-2/g~2g^/-2//^ 

But (?rop. VI. B. II.) BF = ia. And fuppofing 
the refra&ed ray ILF to go back again, and be re- 
fradted along LI, whofe focus is G ; then (Cor. i. 
Prop. XL B. III.) wxBF + »xAF:i»xBF:: 
AB : BG. That is ^ma + ina ; ima ::a: x — /, 

OTm+n:m: :^: g^^ + 2/;. ~ 2g^j^-2^/,^ ^^j 

. ^^^ 2gtf + 2/ -^ g 

i»tfX22tf +2/ — zzz m+n x J^z. + 2/2 — 2 j^/ — 2//. 
And putting jt zz t , we fhall have g/32? + 2/z 

4- ^jz =: 2 Jj^iJ + 2sat + 2 j^/ + 2//, and 2 = 
2^g^ + 2sat 4- 2ga/ + iit^ ^„d j£ „^ a„d n be 3 

J<? + ^tf + 2/ 

and 2, then z -2^1±J^fL±£L 

9a + sf 


f"^^ • 


Cor. I. CD orz = a+^ t — JL very near \ 

9 4^ . 

as will appear hy divifion \ an4 therefore if AD or 

a + t h fubtraSiedy there will remain AC =: 

il /• nearly. 

^ Con 
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Con 2. Hekce alfo" if z be^ivin and a required^ Fig. 
it ma; be found by refolving the equation ^z + 5/2 106. 
r= gaa + i8aS + 5//. Or if z and a be given^ i 
-may be found from the fame equation. 

Cor. 3* Iffncb afpecnkm could be e^taffh ground^ 
it would be better than any refleSing metal^ not onbf 
becaufe it would refieS more lights put it would pre- 
ferve the polijb longer. But the difficulty of executing 
them truly ^ has prevented the ufe of them. . 

■ * 

Scholium. 

If inftead of 3 and 2, 31 and 20 be put for m 
^nd n^ as being more exa£b ; we {hall find z or CD 

=:ifi^ + M+if/, nearly. Andifa + /bc 
ff+J . J + / J • 

fubtrafted, then AC = IfiZltia + J — 'X /, 

q+s q-jrs i 

nearly. According to this computation, we fliall 
have AC =: .416/, which is not much diflferent 

from the former, which was -1 / or .444/. 

9 
The principal 'difficulty is to find the vertex of 

this refleftor after it is made, or the point where it 

is the thmneftl To do this, cover the fpeculum 

with a paper, having a hole in it of the bignefs 

the Ipeculum is <o be when finiihed, or when put 

into a telcfcope. Then it mufl. be placed at a good 

diftance from a candle, and the image received on 

a bit of paper juft big enough to receive it. And ' / 

moving the paper cover to all places of the furface, 

till you find fuch a pofition for it, as makes the 

image the mofl: diftinft poffible, there fix it -, and 

the middle of the hole is thfe vertex. For tho' the • 

two furfaces be ground very truly to their proper 

radii, yet if the centers are not in a right line, 

paffing thro* . the middle of the reflcftor, the two 

imagei 
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Fig* images caiuiot coii)f:ide, ^nd they wil) confyfe pne 

19^. another. 

If a cpncave, refle^9r be made aft^r th^ ^pao- 
'ner, it will burn bodies in its focus more |if reply 
than any other fort ; for both the refledted and re- 
^^&^ n^ oDfeting tiHife^ coa^if? to m^e the 
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^Tfi make a tekfcepe with a convex and a eoneaot 
''gM^* /« fioco) objeas eredt eatttd, Galileo'j Telcf- 

, A Tele/cope is an optical inftrament made by the 
;^ combination of glares, for feeuog objeds at a great 
diftance. The ^lafs next the oqcdt, is called the 
fiJeS ^fi ; and that next the eye, is the eye gkfi. 
The (ipert^re is the diameter of the hole through 
' "which the rays pa6« An4 by reafbn of the great 
diftancfe pf the objef^, all rays of the famp penctU 
incident on the objed glafs, mud be efteemed to 
be parallel ; for. the eye can difcover no manner of 
difference between thefe and parallel rays. 

To make this telefcope, fix the convex lens AjS 
in the tube AEFB, and the concave lens CD in 
the tube CGHD, the concave lens mufl; be <rf a 
lefs focal diftance than AB, and the tube GD mu|l 
be made to Aide within the tube AF ; and the 
glaffes muft be fo placed, that the axes of the tubes 
and glaffes may coincide ; then Aiding the tube 
<jD wjthin the tube AF, till the diftance of the 
glaffes AC be equal to the difference of their prii)- 
cipal focal dii^ances, or that both their principal 
, foci may coincide in the fame poipt P j and thep 
the teleicope is fit for ufe. 

The telefcppe being fitted thus, dircft it witji 
the axis RP ftreight upon the objeft, apd apply 

the, 
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the cyp fh^if. t9 Cp, ^ y,«flft*H i^ ^ ptgeft paag- Figp 
nifiecL, angejiefl. ^ I97' 

For unce the rays proceeding horn fhe q\^e& 
m^ tQ the focip P i ^ fceforc thcv s^riv? at it. . 
are refradtefp, by ti^e C9n(;?yie ^D j thpcefpfe tftey 
<jp ijpt cc^i^ pqe mi^f ^ore they cpnap a$ tty; 
ey^ ^^ qpn]j!qupnuy thj^ upage is ereft. Or thui, 
Wc"? the ^ofl^ugate |pcm w ? (Vi^c jeRs pp; |s 
' fo|Hje>Kto 0/1 f Kf Rther Mf qf Cp, thprefpip jf ' a 
{ linp li>c dsfyi} from 9, $he bwer pjui of the.image 

f ft P (W'Wii, i? #.fC fn^cppcl^j *r<^* the BwWle of 
j% J^iii pj3, if i«f^ll cp;^e to tha| cgpjugjje focu* 

t. 'thi^ fopaji diftance of Al^ n^uft b^ greater di&ni 

U A^ hp lcj&, it will ^WP^ ^• 

2. 'If fe^ jnagnifj^iMj pp^er is equ^l to the quo- 
pcpt. «|fing % diyjte the fpc^l diftaflp?. of the 
pqjea glftfa, ^y t^ fopstldift^e pf t^ic eyie gkf? ^ 

3. The rays of any pencil coming out of the 
fAg^fy Cpi, to the eyi?» are oeady parallel; If this 
does^not iuit all eyes, t^ tube G£) i^uft be put 
in, or drawn out a little, till the objedt appears 
diftind. 

4. The vifible area of the objeft is the greater, 
the nearer the eye is. to the g)af$ ; and depends on 
thf bn^th of the pupil of the eye, and of the 
objefi glafs. Therefore the view will be fmall. 

5. Iti order to fee more of the objeft, the eye 
snuit be Q^oired laterally, or up and down, the te- 
Jeifiope reniainine fixt. By this means one may 
fee fvicceflivdy all the parts, that the telefcope cah 
take Jn at once, and that depends upon the breaddi 
i)f tfaeeye.dafs* 

6- Thi* 
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pig. 6. lliis ibrt of tekkopes nmft not be made 

107. loog ; for then the vifibk area is fo littk, that they 
become ufelefe. 

Foti^ you fhut your eye for a ifdule that the 
pupil may dilate, as it. wiU in the dark ; and then 
iuddenly opening it, and looking fteadily at an 
objeft thro' the telefcope, you'll fee it laig^ at 
firft, and afterw^s it gradually leflens, as the 
pupil contrads by the light. Alio if you cover the 
objeft glals with a paper with a hole in it ; lels of 
the objeft will appear than before ; and fo much 
lefs as the hole is lefs. And therefcMe the vifible 
aiea depends both upon the breadth of the pupil, 
and of the objed glafs. 

Alfo if a paper be put over the eye glais, hav- 
ing a finall hole in it ; lefi of the objed will ap- 
Ear, by moving to and fro, fideways ; than did 
fore, thro* the -whole eye ^lais. And if the hole 
'be lefe than the pupil, the durft view will be lefs. 

In a long telefcope of this ibrt, the vifible area 
win be very finall, by the narrownefii of the objed: 
glals. And if the objed glafs be made broader, 
the objed will be coloured, and confequenly con- 
fufed. 

This telefcope is the fame as is generally called 
a common perfpelHve glafs. 

P R O B. VIL 

108. 5*^ fftake a tdefcope with two conveic giaffesj, to 
fiew objeHs inverted -, calkd the Aftronomical Te- 
lefcope. 

Let A, B be two convex lenfes, HC, DE two 
tubes Aiding widiin one another. Fix the lens A 
with the longer focus, in the wider tube HC ; and 
the lens B with the Ihorter focus, in the fmallcr 
tiibe DE ; and let th? axes of the glafies. coincide 

with 
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yfrixh the axis of Jboth tubes. Then Aiding, the Fig. 
tube D£, within the other, till the diftance of the io8% 
lenfes be equal to the fum of their principal focal ' 
diftances 5 or that their principal foci may coincide, 
in the fame point P ; and near P there muft be a, 
c ftop, with a hole to circumfcribe the image, and 
^ to exclude all ftraggling ray^, 
r i And then the tdefcope is' fit for ufing, which is 

^ done by'direfting it ftreight to the diftant objefl: 5 , 
i and then- applying the eye beyond B, the diftance ' 
1 of its focus ; the object will appeai: magnified and 
f inverted. 

. For the rays from the objeft R, crofling at A, 

wiir form the image at the focus P, Inverted; 
which viewed thro' the lens D, will therefore ap- 
pear inverted. And P being the principal /pcus of 
3, the emerging rays will fall parallel upon the eye> 
" and caufe diftinft vifion. 

The properties of this tele/cope. 

t. The magnifying power is as the ratio of the 
focal diftance; of the obje(9: glafs A, to that of the 
eye glafs B. . 

2 • . The rays emerging out of the eye glafs to the 
eye, muft be nearly parallel^, for a good eye. If 
this happens not to fuit any other eye y then the 
tube DE muft be thruft in or pulled out» till the 

bbjeft appears diftihdt. . ... 

3. The apparent magnitude of the objefi: is the . 
fame wherever the eye is placed, by Prop. 37. 
B. 3. But the vifible area is the greateft, When 
the diftance BO of the eye is nearly equal to BP^ 
the focal diftance of the eye glafs. By Prob. IIL 

4. The objeft in this telefcope is always in vert- 
ed ; and therefore it is only applied to aftronomi- 
<!al ufes, to look at the celeftial l>odies. For if 
iignifies little whether they appear c reft or inverts 

ed. 


Fig. cd, ift th(ife ciStL Anct they are conJmoSity ufei 

r6«* in the night J ■'^-.., .a. , u.. \. - 

5. The yiftfal ingfc depcnqs oii me breadtfi of 
the eye gkfs. For it is cijiiai i6,the an^te w&cl^ 
tJie eye glafs fuStends at tlie objed; gfcte. 

PR6a. vm. 

ibp. to i^dke a tetefcopi ioitb thrie tpivtk g^fei Hi 
jhew objeSs erttl. 

» Combine the two glaffes A, B, i6 that FA ii^ 
be the priricipil focal diftatffcfe 6f A r afidi^fe ti«<ce 
the pHncipal fofcal dift^nfce of 6,. atid^^ iH^ ikrift i 
let thefe be fixt in dhfe ftibe. Th^n pj^ie'tti^ Vim 
C, ih another tube Aiding ^ithifi the f!rft, diat }M5 
itiay be its prihcipat focal diftance, whJcfi fnay* bi? 
done by Hiding the inner tiibe back 6r ftits^aM ; 
and then the tclefcope k f^nifhed. The eye muft 
be. placed at the diftance of zP'C behincJ C^ 

For i^aTaliel fays pWefediiig Mm iUk 6i>jta% 
a*d miti^ oh thfe Ifri^ a; ire7eMa?^a't;!i\ti^^;ffei»^ 
V F, . and there give the image inverted. Ah& (^rSpJ 
' S^Xr.; ^ t, ]? are cof^Ug^te Foci, and (Cor. Pr6p. 
XXIl!.; they . are at the feaft dlftafi'^e^pbtfebl^^ 
And finie- the Jrhagfe it F' is ihvert^ed, th« af F 
will be tr^G:. And Ahcfc PC r^ the fe>(fa1 dift^cfe^ 
of C, the rays falling on itj v^ill 6hitf^€^pir2iielt 
lipotf the eye ; which thfe'^etore Wiff fei tfi6 objcft 
• cre6t. , 

this tif^fcbpe ?s' o1^ ftftffe of^, 6y f 6aM it t^rf 
in fo Hitle of £he 6bj^6t j^ affd diakei tfe^f ^fife' 
area fo fniaU. 

. A telefcope may be made wit;h twP convcu. 
gjaffes to /ec objedts crcft.^^ And that ^s %,co^ti 
Dining the two lenfes A, B; as before, which wm 
give the image at P cred, which image may be 

feea 
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fete by ffii eye placed fix or eight iitches behind it. F^* 
This telcfec^ is the feme as Ae former, when theitxg*; 
g^Kis C is taken irtray -, but it t^kes nbt rti fb mxikfr 
of tfie el^eft as the other, and thfcfcfore is of nb 
xife for telefcbpes. 

A tdefcopc tnay alfo be made Witli nfrt> cottirtit 
lenfes, and a concave, which Will Ihei;? bbjefts in- 
yfcffed. Here thef concave is the ihittdlernoft, be^ 
i^^ pv^ inftead of B. And they are placed thtts, j 
th^ foci erf A Jtnd B muft not coincide a^ in Prob. * 
V s but they muft be a little furthfei- ifuhder, the , • 
fdcrUs cf B bdng further froiti A thih its focus is j 
alid fo far, that the conjugate 'fo'cusCbf B^ m'ay be 
at P 5 then if the eye ^lift C be |)1&eel; that its: 
fofct» may be at P, tfeh teokmg^ tlif p* the tcWcopt ' 
thfe' objea will appear diffindt, ahd itivertfed* This 
teldcope^ has ifuil as great maghifyfng p6we^ as . 
any- #efriftirlg teldfdopt j but b^caufe the objeA 
i* inverted^ it is riot tifed. The cbixffrtfaiorir of 
tWi t*fefectoe is the faftie Us tht folar telefcope' iri 
Rfob. Xflf; follii^ift^, fl^: f 14,. having a cohcavfe* 
eyfrgiafs-L; t?(y^i^fbeitsrf6ctiCantrAtfi^fo^ua* 
of AB 5 and i&, K , cori>fgaft!(i {hcl 6f L. theri . 
K b tB6 focus of a trtivtti tyt gUi^ iHr tfiis tc-. * 

ld)(6pev 

PkOB. it. ' 

^0 Mtkea teUfetft imibfour toH^e^t gfdfes kjheiid 

• ■•*".■ • 

Fk *e lefii A of ar great focal dHtinc^ ilti'UO, 
wiije' ttibe, and f& the three fmalf. lehfes or eye 
g^e^ B, Q t> ih another tube, to Aide within '' 
the f©rtt>er. The lenfes B, C, Dj mtift be all of 
one foical diftdnce, ahd muft be jpiaced dquidiftafit 
ill -the tube, fp that BC, and Cu, may be twice 
tlWJ focal diftance. thert if CP =: PD, 1^ will be 
the prfcdjpal fotiii ^of G s?nd D. A tbp ftfstift bt 

placed 


176 OPTICAL 

Fig. placed at P or F, to flop the ftr^^glii^ luys.^ 
110. Then Aide the tube with the three eye ^aiSes, with- 
in the other, till the foci of A and .B coincide in 
F. * Then the telefcope is made, then direding it 
to the obje6t R, and placing the eye in the other 
principal fogus of D ; and the bbjed j^iU appear 
to it magnified and ered. * , ^ 

For parallel rays coming from the far diilant 
objeA lij will be reTraded by the objeft g^afs A 
t6 its focus F, and there make the image inverted. 
Then fince F is the principal focus of B, the rays, 
diverging from the image at F, and fajling on tlic 
lens B will emerge parallel, and fall parallel on 
the glafs C, and therefore will be refraded by it, . 
to its principal focus F, and there form the in^ige 
credt. Then the rays flowing from P the princi- 
pal focus of D, will emerge a third time para|iel» 
in falling on the eye ; Which (byProb. III.) muft\ 
be placed at the principd focus j and then the eye : 
will diftinftly fee the image P of the objcfl:, R, . 
eredt and magnified. Here then the firft image is 
at F inverted, and the fecond at P erc6t, Som . 
Ivhence rays flow to the eye. , \ • 

If BC be lefe than twice the focal diftan^e.of 
B or C, then fome of the rays will mils the eye 
^ glafs D. And if BC be greater than twice the 
focal dift:ance, fome of the rays will mifs the glafs 
Ct ' And in either cafe the prolpeft will be dimi- 
niflied. 

This telefcope with four glaflTes is in effeft two 
. , telgfcope^, of two glaflTes each^ as in Prob. VII. 
The firfl: telefcope is AB, where the rays emerge 
parallel from B. The fecond i^ CD, where the . 
rays, fall parallel on C, and emerge parallel fi;om . 
D. Ana fince C and D are equal, they minify- 
nothing, and therefore the image at P is equal to 
the image at F. All that the glaflibs C,. and D 
do, is to invert the image atF^ or make the image 

of 
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of R ereft. This is the common telefcope ufed in Fig* 
the day time to look an diftant objects, no. 

If a ftop be placed at P, with a hole to contain 
the image; it will, ciit off the reft of the rays 
which comiC irregularly, and would difturb the dif- 
tinftnefs of the image ; and will take away the co- . 
lours' which arife by the different refrangibility of 
the rays, which would make the image confuled. 
But the image; will no more be coloured by four 
glaffes than by two ; for the glafs C corrects and 
takes away the colours which the glafs B produced. 

The properties of this telefcepe. 

1. The magnifying power, is in the proportion 
of the focal diftance of the objeft glafs, to the fo- 
cal diftance of the eye glafs. This will be fhewn 
afterwards. 

2. It ftiews the objeft eredt, but not fo bright as 
in the telefcope with two convex lervfes, becaufe the 
other t\vo refleft a de^l of the light which is loft. 
In other refpedts it has the fame properties as the 
other telefcope. 

3. The vifible area depends on the breadth of 
the eye glafs, for as the eye glafs is bigger or lef- 
fer, the angle it fubtends at A is greater or lef- 
ler, or its oppofite angle, which is the angle the 
part of the objed fubtends at A, which determines 
the vifible area. And this telefcope takes in more 
than that in Prop. VI, with a concave eye glafs. 

4. The brightnefs of an objeft feen thro' a gi- 
ven telefcope is fo much the greater as the aper- 
ture of the objed glafs is greater. For fuppofe the 
objedl glafs covered with paper, with a fmall hole 
in the middle ; the magnitude of the image in the 
focus will not be altered, nor confcquently that 
upon the retina of the eye. But the hole in the 
paper being fmaller thaa the objeft glafs, fewer 
rays of every pencil will come to the focus, and 
the image will be more faint, 

N 5. It 
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Fig- 5* f^ ^^^ aperture and focal diftance of the olv 
iio.jcft glafs remains the fame-, an obje6t appears 
brighter or fainter, according to the .greater or 
Icflfer focal diftance of the eye glafs ; that is ac- 
cording to^ the leffcr or greater magnifying pow€f% 
For tfhe fame quantity of hght fpread over a fmal- 
ler or greater image, makes it brighter or duller. 

6. It is found by cxpciience, that an objeft 
glafs of 55 feet focal diftance will bear an aper- 
ture of 4 inches, and an eye glafs, whofe focal dif- 
tance is 4.4 inches. And for other object glaffes, 
the apertures thereof, and the focal diftances of the 
eye glafles, muft be as the fquare roots of the focal 
diftances of the objed glafles. But to view objed* 
by day light, requijes eye glafies whofe focal dtf* 
nances are longer ; and by night fliorter. 

Scholium. 

It may be thought, that in a teklcope ctf any 
length, an objedl may be magnified in any propor- 
tion, by making the focal diftances ^f the object 
glafs and eye glafs in that ratio. But there are two 
caufes which prevent this, i . Whilft the object 
glafs remains the fame, the more the objeft is to 
be magnified, the more convex the eye glafs muft 
be, and then the more obfcure and dark the ohgcA 
will appear. 2. By this means the objeft wiH be 
Tcprefcnted the more confufedly ; and if one at- 
tempts to remedy this by increafing the aperture^ 
the xonfufion will be more increafed, and the ob- 
jects will at laft appear coloured. So that increaf- 
ing the aperture of the objeft glafs, makes the 
objeft appear brighter, but at the feme time it is 
confufed and indiflinft. 

Since the pupil dilates itfelf very much in the 
dark, therefore there is not occafion for fo much 
light in looking at the moon or ftars» 

Thc« 
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Thefeate telefcopes tirade with fivfeor fir oriuwe Fife, 
jiaffes, Vhith hj rcfraftifig the rays gradual^ to a no. 
rocus, wiil bear a larger aperture ; btit thfcn the 
obje£b is more faint, by the lofs of fo miny rays, 
by the refledlion, from fo many glafles. 

^Soiintetiit)e?s the eye glaft D is of a difi^reht focus 
&om U and C. But the 'difente BG imift ftill.bc 
the fum ttf the focal diftanc^ of € ind D. Thus 
ihorter eye-glafles arc ufed in the night, to inereafc 
\ihe brightnels of the objedb. 

P R O B. X. 

To find the magtdfying power of a telefcope. 

Let the far diftarit 6bje<^ appear from A ifnder m.. 
the angle RAS, or itis oppolite GAF, drawn thro* 112. 
iSie center of the objeft glafe A. A Ad let 3 be 
eye glais, FG the image in the focus of the glaffes 
A and B. Then thro* the ixtretaes F, G, of the 
imag^, draw the . lines FBL, GBN, thr6* the cen- 
ter of the lens B, and BL, BN Will be thie refrac- 
ted rays fby Prop. XVIL B. III.) Then the objift 
b ieen thre* the telefcope under the angle LBN or 
i^6G, and it is feeh from A or from B under the 
angle RAS 6r GAF, Therefore the appiirent an- 
gle thro* the telefcope, is to tlie. apparent angle. to 
the naked eye ; as angle GBF> to the angle QAF ; 
' that is as AF to BF ; that is, ais the focal difiancc 
of the objedb glafs, is to the focal diftance of the 
eye glafs. And if there be four coh^^ex glaffes j 
if thte glafies B, C, 1), are all equal (fig. iib)^ 
the image at P is equal to the image at F, and the 
magnifying power continues the fame 2A before. 
But if they be different glaffes, the image at F 
will be to the image at P. as the focal diftance of 
B, to the focal diftance or D. So that at laft, the 
apparent angle thro' the tefcfqope, will be to the 

N 2 appareiij 


iSo OPTICAL- 

Fig- apparent angle to the naked eye •, as the focal dit- 

111. tance of the objeft glafs, to the focal diftance of 

11 2. the laft eye glafs. Sec alfo the Corollaries of • 
Prob. 11. 

Cor. I . The magnifying power by a refraEting te- 
lefcopey. is equal to the focal diftance of the objeS glafs 
divided by the focal diftance of the eye glafs. 

III. Cor. 2. In a telefcope with convex glaffes ; the vi- 
fual angle or linear view, is as the diameter of the 
eye glafs, divided by the focal diftance of the objeS 
glafs. And the- vijtble area asthefquare of that quan- 
tity. ^ 

This depends upon the breadth of the eye glafs, 
therefore drawing AD to the edge of it, BAD will 
be half RAS or half the vifual angle; and that 

bD 

angle BAD or its double is as ; and the vifiblc 

^ BA 

BD* 

area as • In the telefcope with a concave 

BA* ^ 

glafs (fig. 112.) it depends on the breadth of the 
pupil. 

Cor. 3. As the diftance between the objeEl glafs and 
^^ S^^Pi ^^ ^^^ breadth of the eye glafs ; fo is radius, 
to the tangent of the angle which the telefcope takes 
in. 

. For all the telefcope can take in^ is contained 
between two lines drawn from the edges of the 
eye glafs, through the center of the objefl glafs. 
The contained angle is what the telefcope can 
take in. 
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PROP. XI. 

To find the degree of indiftinEinefSy or confufed af' 
pearance of an objeSt^ feen tbrt^ a telefcope., 

Since no lens can be made fo perfeft, as to re- 
; fraft all the rays iffuing from one point of an ob- 
l jeftj to a fingle point in the pifture, but there will 
I always be a deviation or aberration more or lefs, 
I according as the lens is broader or narrower. And 
by reafon of this aberration, the rays proceeding 
from one point will be fpread over a certain fpace 
of the image, and caufe that confufion or indiftinft- 
nefs obferved in telefcopes ; which Ipace is the cir- 
cle of aberration in the^ focus of the objeft glafs. 
And this confufion will be fo much the greater, as 
that circle is larger, becaufe there are fo many 
more different points of that fpace, which repre- 
fent but one point of the objeft ; and therefore 
that confufion or indifl:in6tnefs is, ceteris paribus^ 
as the circle of aberration in the focus of the ob- 
jeft glafs ; that is, by (Cor, 5. Prop. XLI. B. III.) 
as the area of the objeft glafe. 

Now the confufion of the image in the bottom 
of the eye (which is that we feek) is as the appa- 
rent magnitude of this circle of aberratioi;is. And 
the apparent diameter of aberration feen thro' the 
eye glafs, is as the angle made by the extreme 
rays in falling upon the eye, or (which is equal to 
it, by Cor. 2. Prop. XVII. B. IIL) as the angle 
fubtended by that diameter at the center of the 
eye glafs, that is, as the diameter itfelf dircftly, 
and the focal diftance of the eyfe glafs reciprocally* 
f Therefore the apparent magnitude of the circle of 
aberrations, is as the fquare of that diameter di- 
reftly, and the fquare of the focal diftance of the 
eye glafs reciprocally j or as the fquare of the aper- 
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F^w ture-ef the^ bjeQ ^hfs dii e ftly^ ^^iand the fquarcof 
the focal diftance of the ry.fe'gUfs reciprocally. 
>\nd.therefcte. the qonfuBon Q£, kdiilinAneis is in 

tbs^ratip* ^ '^ 

-t ----- - • - 

Cor/ I r ;Th€ 4nd ifiinS n ef s ^- m^ {^hjeli feen thro* a, 
refraEling telefcope^ is as tJ^e fqtk^re of tjkf, apertm^ of 
the. objeS glafsy divi/kd ly (k^ fiuaxe of 1^ focal 4if 
tame^ of tbf eye.ghfsy . . ,. / 

Cor, 2. 'An phj^El appears £quaUy diflin^^ iffjiveral 
refraSling telefcopes^ wien ihe diamel^a ^ iie aper- 
tures qf the objeEl glaffes^ are ir^ 4 given- ratio tp tbn 
focal diflances of the, eye glaffes. 

JV fnd the apparent h^}g}>p^fi^of an ohJeSl^ fsm, 
thro* a refrafiing (elefcope. 

If the area of the image; Uppp tlje^rstina, bg tbo 
fame^ the brightneis will De a§^ th^ quantity of light 
upoa it, that is, as the area of the' aperture of the. 
objeft glafs. And if the ^erture or quantity of 
light be the fame,^the brightnefs^will be recipro- 
cally as the area pf the im^ge, that is, reciprpcally 
' as the fquare of the magnifying power. And 
therefore in general the brightpefs is as the jwe^ of 
"the objc(5E glafs d^re^ly,^ aiid the fqpare of th^ nja^- 
nifying power reciproca.lly. 

Otherwife thus^ 

113- Let two pencils of rays falling on the objeft 
glafs Qp, he refraded to the, foci F^ /; and pafs 
thro' the trye ghi? .B^i and be refracted in the 
directions BL,>^« LctBL =:FB, then Lis the 
jfJace of the. ejwe, being, the. pja<ce. whcfq the fpyei- 
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ral pencils (each confifting of iparallcl rays) con- Fig. 
verge to, andinterfeft, after fefrad ion at B^. tijs 

Ltt m zz magnifying power, p z= diameter oi 

the pupiL Then by fimilar triangles, AF : FB : : 

CD : B* or LI the breadth of any pencil of rays 

it B, or at L where the eye is ; becaufe beyon4 

^ B, the rays of each pencil are parallel. Therefore 

the breadth Ll z; ^^ =; — . 

AF m 

Let the degree of common light be zz i, the 

area of the pidture in the naked eye = a^ then thro* 

the telcfcope it will be = mma. Then fince the 

brightnefe is as the area of the aperture divided by 

the area of the pi6lure, the brightnefs of the objeft 

by the naked eye will be 121^ j and by the telcf- 

a 

CD* 

tope, — — . Therefore common light : to telefco* 

Mma 

jiclight: :S?:£2!:: I : JE5IL Andfinccth^ 

a mma mmpp 

common light is i, the telefcopic light will be 

CD* 

Now fuppofe LI to be juft equal to p. Thea 

tp =: ^2!, and in this cafe the telefcopic light be^ 

mtn 
cofties I,, and is tiierefore equal to common light* 
But ditninilhing CD, LI is alfo diminilhed, and 
. therefore in this cajfe^ lefe light enters the pupil ^ 
^d therefore in all cafes where LI is \&'^ than p^ 

the brightneii z: i 

mmpp 

But if CD be incre^fed* never lb much, the 

brightnefs is not increafed at aft by the fide, rays, 

becaufe they wiU' all mif» the p^tl. For ^ Cp 

increafea \ti ba-eadth,^ B^ and LI ,alfa increaf^ ij^ 

brciidth, and will therefore, in this cafe, be bigger 

N 4 th*a 
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Fig. than the pvpil. And hence the denfity of the light 
ii^ is the fame as before. For there is a greater quan- 
tity of light on a greater fpace CD, or on a great- 
er fpace B^ or LI ; , and the quantity of light being 
as the fpace, the denfity is not increafed. 

By fome experiments, I have found v part of the 
light loft in paffing thro' two glaffes ; and near 4-> 
fn pafiing thro' four, and more ftill in paffing thro* 
five or fix. This happens by the reflexion of the 
two furfaces of every lens, which refleft a part of 
the light, that is loft j and fo much is the bright- 
nefs decreafed. 

Therefore in general the brightnefs is increafed, 
by increafing the objedt glafs, till LI becomes 
equal to the breadth of the pupil ; but no longer. 

Cor. I. If an ohjeS is feen thro^ a refraSing telef- 

' cope^ and the rays do not Jill the pupil -y its apparent 

hrightnefs is as the fquare of the aperture of the ob^ 

jet) glafsy multiplied by the fqdare of the focal difiance 

of the eye glafs ^ and divided by the fquare of the focal 

• dijiance of the obje£l glafs. 

This follows from the firft method. . For the 

AF 
magnifying power is as j and therefore the 

* BF 

. . AF* 

brightnefs is as CD% divided by r^, or as 

Br* 

± — ^. Or by the fecond method, the bright- 

AF* • . ^ 

CD* 
nefs is as < , p being given, 

mmpp 

Cor. 2. According to this \ an objeEl appears equal- 
ly bright^ thro* fever cl teleft opes^ when the apertures 
are as the magnifying powers. 

Cor. 3 . 7'hefame Mng fuppofed ; in different te* 
kfcopes^ an objeSi will appear equally bright and dif- 

4iniJ^ 
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iui£f^ when the apertures (of the ohjeH glajfes), and Fig. 
f^cal dijiances of the eyeglaffes^ are each of them as \\^^ 
the fquare roots of the focal difiances of the objeSl 
glajjes. And then the magnifying powers will alfo be 
as the fquare roots of the focal difiances of the objeEt 
glajfes. 

For put F, / for the focal diftances of the ob- 
jcft glafs and eye glafs ; and that the brightnels 
and diftintflnefs may be in the fame ratio, (by Con 
2. of the laft Prop, and Cor. 2. of this), we ihall 

F 

have the aperturp OC / OC — , whence F OZff, 


and/ OC v/F, confequently the aperture OC\/F* 

Andlaftly, the magnifying power oC (z, OC/ 

_ / f 

or as /, that is as ^/F. 

Cor. 4. In fimilar telef copes ; the diftinSnefSy w- 
Jual angle and magnifying power are the fame ; and 
the brightnefs as the fquare of the length. 

For let D be the diameter of the aperture ; F, / 
the focal diftances of the objeft glafs and eye glafs ; 

then the diftindtnefs is — , which is a given ratio, 

7 

. F 

And the magnifying power is — , which is alfo a 

given ratio. A nd the vifual angle is as the diame- 
ter of the eye glafs divided by F, which is a given 

CD* DD 

ratio. And laftly, the brightnefs is as — — or — , 

mm mm 

and m or the magnifying power is given ; and the 

aperture CD is as the length of the t^lefcope, 

Cor. 5. Hence ^ no telef cope can fhew an objeS fo 
bright as it is to the naked eye. ' The neareft it can 
(Approach to it is \ the light for two glafjes^ and \for 
four glajfes. 

For 
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1^^, pic light, or what paiObs thiro' the tekfcope ist9^ 
the eye, is ( ^ — — :i: ) i^ or the fame as com- 

man bg&t. Of which 4- or f is Id be dedufted for 
refledbed rays, which arc lOft. 

Cor. 6« Aaarding U %vbai has been deUviered is-' 
fore (after Pr^. IX. and in Cor. % qffbis)^ ihe focal 
difi/mces and. aperturei muft bt madfi acc^rdfujg to tjb^ 
following iable. 
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Scholium. 

It follows from Cor. 3, diat if a parabola be dc- 
fcribcd^ and in the axis thereof, taking the abfcifla'^ 
equal to the focal diftanccs of the objcdt glafles j 
then the correfpondent ordinates will be proporti- 
onal 
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oxul to thi( apertures, or the foc^I diftanccs of the Fig. 
eye glafles, or the magnifying powers, for thefe. 113. 
are as the fquare roots of the abfcifiae, that is, as 
the Iquare roots of the focal cjiftances of the objeft 
glaifes. And inftead of the focal diftances ot the 
Qfa^e<Et glaflea, one may fubftitute the. length, of the 
telefcope, withpu^t fenfibk error. 

In the inveftigation of the foregoing Problems, 
the in^ftindnefs arifing ff om the abertationa caus- 
ed by the eye glai&s are fet afide as being iDx:onfib 
derable. For ia fo fbort a diftance as from tho 
e^e glafs to the eye, the hetserogeneous; rays can-t 
not feparate fp as to become fenfible, and therefore 
the errors may be lookt upon as nothings. And tha 
refra(5tions at fo fhiall a diftance will* be iufiicientl|f 
true and regular. 

To try the goodnefs of an objeA glais ;. p^occod 
ac(X)]«dsng to. the fbcond method laid down in Prop. 
XVL B. IlL And if all tihe holes unite in one^ 
the glafs is good, otherwife not. But there is na 
letter way iot trying the goodnefs of an objedh glafi 
than^ putting it in a tube, and trying it wim fevecat 
foiall eye' glafies, by- looking ajc &veral diflane 
objefbs, and particulaiJy at the title page of a book« 
For that glafs which reprefents obje£bs the xsuA 
bright and diftin^ and bears the gneatseft aperture^ 
and the ihorteil eye glafs, without colouring or 
dimneis, is the befl: glafs. 

If ieveral telefcopes of the fame length be Gom<f 
|}axed together, thefe. ^re the beft, with which, yoit 
can read die fame print, at the gceateft diftairce* 
And this may be a rule for thofe that buy tekfr 
a>pes, by which they may know how to chufe th^ 
beft. 

There are fouf principal things in a telefcope to 
be. confidered, i. Magnifying power, 2. Dift 
nn£lnefs« g. Brightncfe. 4,. The vifiblc angles 
Of linear view it takes in. And ajil ^fe havse 

bcea 
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Fig. been determined in the foregoing Problems, for 
' refrading tclefcopcs. 

P R O B. XIII. 

7o make a folar telefcope ; or to jit up a tele/cope^, 
for ohfervi'ng eclipfesy fpots of the fun^ &c. 

XI 4- This is no more than 3, common rcfrafting telef- 
cope with two glaffes, where the eye glafs may be 
cither convex or concave. Thro' this telefcope 
the fun's image is projefted on a plane furface, or 
on the oppofite wall of a dark room, and magni- 
fied. If a telefcope be ufed for this, as it is fitted 
up for looking at diftant objeds, the fun's image 
will be projefted at an infinite diftance, becaufc the 
rays emerge parallel out of the eye glafs. There- 
fore to have his image at any given diftance, the 
glaffes mull he placed after this manner. 
> Let ABCD be a* tube in which is theobjcdt glafs 
G, and its focus H. ECDF another tube Aiding 
within the former, in which is the eye glafs L, 
whofe focus is I. Let K be the place where the 
fun's image is to fall, upon the plane MN. Now 
whether the glafs L be convex or concave, it muft 
be placed further from G, than in the common 
telefcope, by the difliaqce HI. And H, K muft 
be the conjugate foci of the glafs L, which is done 
by making HI, HL, HK in continual propor^ 
tion. Or if L be ^ concave, b the focus of G, i 
the focus of L, then bij bL, bK muft be in con- 
tinual proportion. Then ^f the telefcope AD be 
put thro' a hole in the window fhut of a dark room, 
and directed to the fun, you'll have his image at 
K, upon the plane, MN. Or if the plane MN be 
fixt, then Aide the tube CF, back and^ forward, 
within the tube FA, till vou find the image dif- 
tmft at K, upon that plane. - 
t . For 
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For if H be the focus of the lens AB, the fun's Fig. 
image will be at H inverted. And as H, K, a c 1 14« 
conjugate foci-, the image of K or the fecond i- 
mage of the fun will be at X erect. But in the 
concave lens CD, the firft image would be at h^ 
and the fecond at K inverted, 

. Cor. I. To find the diameter of ibe image Mi!i \ it 
will be aslALi I LK : : as the diameter of the imagi 
MtH : to MN the diameter of the image at K. 

For the fun and the image at H, fubtend equal 
angles at the center of the lens G (by Prop. XXXI, 
of B. III.) ; and likewife the image at H and the 
image at K, fubtend equal angles at the lens L ^ 
whence the foregoing proportion. 

Cor. 2. The larger the image MN is made^ the 
fainter it will be. 

For if it be as big as the objeft glals G, it will 
be as bright as if the fun fliined upon it. And there- 
fore if it be bigger, its brightnefs will be recipro- 
cally as the area. 

Cor. 3. After this manner fnay be viewed the fun* s 
face^ his fpQtSy his eclipfesy the tranftts of the planets^ 
clouds •, likewife the moorCs face^ £s?r. And this telef 
€ope is ufed by ajironomers for this purpofe. 

P R O B. XIV. 

To fit up a telef cope for taking fmall angles j by ng; 
placing crofs hairs in the focus of the eye giafs. 

Take a brafs plate AB, in which make a round 
hole, whofe diameter is fomething lefs than that of 
the. eye glafs ; this being placed in the focus P of 
the eye glafs (fig. 108, no.), ferves for a ftop to 
cut off the fuperfluous rays 5 and in this the hairs 
are to be fixt, or rather feveral pieces of fmall filver 
wire. In this plate is fixt the fmall wire /)j, going 
• . thro* 
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Fig. XhfO* the (*fitcr G of the circtilar tefc 5 and |>er- 
.115. pendicular to it is fiid: the hair rs<^ near the fnkeaf 
the hole. There is a Aider BDE, in i^hidi is fixe 
the hair or wire tv, paralidi to rj, fo th« when the 
Aider is thruft up eiofe to the fide £B, the hair Pu 
may coincide with rs -, and when it is drawm out 
to the. extent, the hair may be near the other fide 
Wf the hole, at EB. Then the fpace BF is di- 
Vided into 10 or 100 parts, which is the littnofft ex- 
tent between the hairs rs and fv. Then the plate 
ADE muft be fixt exadly in the plane of the image 
snade at P (fig. 108, no,) ^hich may eafily bfe 
^cme after a few trials 5 for when it is right, thfc 
hairs will appear very dtftinftly thro* the eye glafe, 
then they muft be covered with a thin lantern horn. 
When the place of the plate is had, one may find 
the focus of the objeft glafs by meafuring from the 
hairs to the glafs : and this is the exadeft way. 
The plate muft alfo be placed fo, that the center 
C of the hole may be in the axis of the tclefcope. 
Then we muft find what arch is reprelcnted oy 
BF or no, the extreme diftance of the hairs rs ana 
4v^ when the (lider is drawn oat to it^ uttermoft. 
• 

To find the arch or angk rcpnfented if no. 

Here the crofs hairs muft be illuminated by % 
. candle, niade to fhine on them. Diredt the telef- 
cope to fome ftar, and turh it round, till you find 
the ftar moves along the hair pq ; then the telef- 
cope is in a right pofition ; therefore keeping the 
fime fide uppermoft j draw out the Aider to the 
end of the divifions, and direft thfe teiefcope fo.to 
the ftar, that it may fall upon the interfedti^ of 
the crofs hairs at n. Then the telefeope being fixt 
there, obf{?rve by a clock or 'a watch, how. long the 
ftar is moving from H to 0. Then fince one de- 
gree pailes thro' any point in four minutes time, 
Hr fifteen minutes of the equinodtial in one minute 

of 
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of time or fixty feconds. Whence one iecood t>f Rg^ 
time correfponds to fifteen feconds of meafore, 1 1£^ 
Therefore dividing the number o[ feconds obferved 
by the clock by four, gives the minutes of a de- 
gree anfwering to no. But if the ftar is out of the 
equinoftial,. this number muft be le0ened in the 
ratio of radius to the cofine of the flares decUnatkxi. . 

« 

Otberwife. 

Set Qp two marks againft a wall at a good dif* 
tance from you, fo that looking thro* the telefcope^ , 
the two liairs rs^ tv^ fet to their ptmoft extent^ 
may juft cover the two marks. If they do not, feifc 
the telefcope further back or nearer hand-; or eMc 
Ihift the marks, till they da Then meafuring the, * 
diftance of the felefcope, as likewife the diflcance 
of the two marks from each other, you will find 
by plane trigonometry the angle included by the 
vifual rays \ and that is the angle reprefented by 
no. 

?V take an angle wiib the Jekfiope. 

Direft the telefcope, fo that the fixt, hair rs may 
juft touch one fide or term of the angle to be meJi- 
fured ; and draw out the Aider EF, till the move- 
able hair Sv touches the other (ide ; then mark the 
divifion of the fcale at B ; and knowing bdfore 
what arch no rq)refents : find by the I'ule of three 
what ang)e the number of the fcak at B amounts 
to. 

If there be no moveable Aider, then the two hairs 
rj^ tVy mufl: be both fixt. But then in taking an 
angle, when one fide is fet to rSy the other fide will 
interfeft no in fome point, whofe diftance from n, 
inrefpedt of »^, can only betaken by guefs, as there 
will be no fcale to meafure it by. 

But the mofl exadt way of all for taking fmall 
angles, is by the micrometer^ which 1% an inftru- 

ment. 
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Fig. nicnt, with the crofs^ hairs like thefe defcribed ; 
• 115. and befides there is a machine made of clock-work, 
that by turning the handle, moves the hair fz' al- 
ways parallel to itfelf ; and by one or two indexes, 
t fiiews the diftance of the hairs vfery exaftly. 

There is another Way of fixing the hairs, by 
placing them diagonally, making half a right an- 
gle with one another. And thefe are of ufe for 
finding the difference of right afcehfion, or of 
declination of any two ftars, which the telefeope 
can take in. 

Thefe crofs hairs, and micrometers, are only 
' applied to refrafting telefcopes, but have not yet 
been ufed with reflefting ones, fince they do not 
magnify the angle fo much. 

Cor. I. Hence the diameters of. the planet s^ may 
he truly meafured ; and all the particulars of an ^- 
clipfe determined \ or any fmall angles accurately ta-- 
ken i and applied to other ajirononiical ufes. 

Cor. 2. The line no fub tends an angle at the eye^ 
which is greater than the angle it reprefents j in pro- 
^ portion to the magnifying power of the telefcope. 
For the line no being placed with the image, 
they are both magnified alike. 

Cor. 3. HencCy no reprefents the angle which it 
' fuhtends at the center of the objeS glafs. 

For it is magnified in the ratio of the focd 
diftance of the objeft glafs to the focal diftance 
of the eye glafs; that is, as the angle it fubtends 
at the eye glafs, to that it fubtends at ,the-obje6t 
glafs.. 
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' P K O B. XV. H5- 

i 

TV manage tekfc^s withMt tuhts. — 

- - * . . .- 

To do this, a long pole muft be fi« ti^ght in 
the earth, in a wiiie plate, , where there i& nothing 
to obftru^t the fight. In this pole is niiuie a-groye, 
in wfiich: a piece of wood Is to be fitttd td flidfe 
freely up ^d down, this is to be drawn up by a 
xppe going over a pulley at the top, whett it is 
ufed. The obfeft glafs id put intoa fhorttubeABf 
and this tube is fixt to a piece of machinery, nia(fe 
to, move about two axes CD; lying acrofs one ancf- 
ther, and this nmchinery is fixed to -the Aiding 
piece of wood. On the under fide of the tube a 
imaU rod AF is fixt pacaUet to it, reaching fix or 
eight inches beyond the tube ^ to the ttA of this 
a ftring G is tyed, rcacliing to the ground. Then 
any p^fi>n on the ground pulling at the firing, can, 
,draw the tube into a pofition parallel to the firing, 
by means x>f the crofs jcHnts; fo that the tube will 
point direftly to the perfon that draws the firing. 

The eye glais is alfo put in a (hort tube H, on 
die under fide of which is aUb fixt a finaU rod, at 
the far end of which I, the low end of the ftring 
is to be fixt; and at the neiUier end a handle K is 
fixt to take hold of. 

When an obfervadon is to be taken^ the Aiding 
piece of wood, with the ofejeft ^lais, is to be 
drawn up the pole to a proper height, and there 
fixt. Then^ driawing the ftring I G, which is fixt 
to the tail of the object tube, to let it ftreight on 
you ; tie the low end of it to the end of the fmall 
rod at the eye tube, fo as the length of it between 
the glafles may be of a due length for diftinft vi- 
fion, which in the aftronomical telefcope, is.equal 
.to the Turn of the fi)cal diftances. l^htn the ftring 

O drawing 
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Fi^ drawing the two tubes, fets them in a right line, 

.115. and if they alfo' be in a right line with the ftar 

you want to obferve, then applying your eye to tl^c 

tube, yqu will fee th^ Aw thro' the glaifts. But if 

^ they are not in a line, you muft alter your poli- 

tion, titt-thcy are fQ< . 

It ii^ n^cfiffftry th^i^ tl\e c^if rvcr havo a reft to kaii 
.on» orj,to layt^^ eye.tub^.Mp<w^ ItteB a chair back. 
For without it, the tubf(. oaniiot be. held fteady, 
.And th^.obf^v^qos nwlb be tnadb.JA calm fm 
weath^^ for th« wiml %wiJL' ihaki^ ^ tubgs^, and 
J»^^i-wy thii^ fromjl^i^g ftcndiftinftly. -And 
befides >{): wio4y w^riiqr^ ^.* air; :i5) abways &ul^ 
which makes .it un^ n wufhf^, wyj ob&hrsakiBfi ux 

tiiipr,, wJiQntthe airier ;foU o^gvw aqiiocms ^apom)^ 
. And: ^fi*-^' ^^^^ mi^ft^ pprfp^iyei lu^) be: ufed 
.tftthpyti ,dk)fe tubf s $ v^lhicfe oifcy be, doad-. by . h^ 
• iftglthe. eye, tube, ^F^ifrfi »i qto end u^fr ai laqg 
ftic^it. iYill*<)nfi;haofl!^^s«^^ ^M oUje&twbe iii\tik 
othfr, h9(9d») apfdi«[| t^clhl^othBer^.fifidcbfi dm ftidbj 
%adt Aiding^ it bfc^ ^rioirwfa^ Qh thedlicic tiKa 
propftg ' 4ifta«\gq i whiobr i«^, ioMi found:) by a fejr 
triajsi <>bfff<vJiKis tQikflW tlic.tub^^ltreightOQ one 
anpihf IV afld.pftCftlWi tQftVftiok.; : After. this^maa- 
iier^P9i?; rngy vrfev tfte-gjaflfe* of a .pdsfpe£live as 
long^as one§ ainriii M.lp^r^^by.tyipg: theoigesft 
tube to the ftick, at a proper c£ftaAe& irom. tbc 
pcarer 'dvd ,<^>. it ; ddd) after thi^. i» w&er^ eho good- 
. nef$ ;o( gl^ff^s m^- bfo tniid, > widiqvu . the tkioufaiei ^f 
PWiilg: ^nppa into.loiigvtubes^ . 

Ana th^ fame y^i^iY one may mako ufis of a kmg 
c^oyeabli^ ppie, ioA:^ ;of oiie &x/t- ia the groui^; 
which tp^) be. yfed' for glsifies not eicceeding fix or 
.eight yjarjd^.fqcaldiftance, by. tying the ey-etuhe 
to cngke.endr a^d the^otge^;tube^lx>ward£the other, 
at^a^piiop^r diiljaAce. And it may be.nu&d upon 
- a; wall. 
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a wall^. Cft the fide of a liouffe,- bf ih€ ikVp' ol a Kfe 
h^y fork, or fome fift:h< tiding; ' iv^. . 

Sometimes' the fight is diftur bed, by the (WePligfit 
coming into th^ eye- cabe^ which' a cipfe tube 
would havfe kcpC out. Td preveht which, twa 
ways may be ufcil ;i eii6hei< td^ lengthen the? rtibe oi 
ifte^ eyd ^ft; or to^ptit an umbrella pt border 
wmnd'the tube wi'thi tfe? o^edc glfefs v artd ffifiri'td^ 
tike fight traiy at thd objfedb, you niuft raife your 
em above the eye tube^ as* high a& the bfeSJiilf of 
tnc umbrella: 

Toailighten^the objeft t^ilbe, t<J^ takrfighfj af 
Eiicm may be ufed, ciectto riieendof a^ftmgpdle/ 
and fa' paiiedi up on high. 

•r^ • •• 

PROS. XVI. 

■J, ■ . ,>,..€ 

A refifedting or dtakitioptrii: tefefeopifc' nlay be 
n&dQ feveral' ways; I flidU firft deferibt the <Sr»-» 
gorian one, becaufe difcy » arc* mofk iri ufev 

'. , — t ■ ' 

2*^^ Gregorian Tsk/ccfe* 

ABCI> is a tube optea atr the «id ^i fG't^tiy^ 
concave refle&or, having a hole in thc^ middle, 
and whofejbcus b ». ari »a: finaH concave fpecu- 
lum^ wbofe focus is ^. This is io placed, that the 
focus « of the great teflfeftor, and the placie of the 
image Oy may be conjugate foci, or that tn^ tr^ t& 
may be continual proportionals. Ht is- a ftiort ' ^ 
iK'afs tube, fcrewing into the end of the lai^e one. 
' In this tube is die convex lens E, fo placed, thac 
EO niay be its focal diftancc^ and EI the fame ; 
and at the end I is afmallholefor the rays to come 
thro* to the eye. But T or the pkce of the eyie is 
found more exaftly , by making ray f E, rl con- 
tinual proportionals. 

O 2 NoW" 
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Fig. ^ Now the open end AB being fet diredbly to- 
ll 7. wards the objeft, the rays coming from all the 
points of the objeft, are parellel ; and being re- 
flefled by the concave fpeculum FG, wiU form the 
image of that objedt at », which will be .inverted 
<by Prop. XVIII. B. II.) And for the fame rea- 
ion^ rays flowing from n^ and refle£bed by the fmall 
concave at^ will make the fecond image at o^ which, 
is inverted in relpeft of the firft image^ and cred 
in regard to the objeft. . Laftly> the rays flowing 
from the image at Oj which is the focus of the glaft 
E> and being refraflied by it, will emerge parallel 
to the eye i and therefore the objed: will appear 
ere& thro' the telefcope. The path of an oblique 
ray coming from the upper part of the objeft, is 
KFxbsfvl. 

To fuit all forts of eyes, there is a fmall rod 
ML9 with afcrew at the end M ; this fcrew goes 
•thro' the arm which is fixt to the fmall refledor 
dky fo that turning the end L it brings it nearer,, 
Qt fcts it further, from the other refle(£>r FG. It 
has a flioulder N to keep^it fl:cady. 

The two fpeculums FG, aby are made of a mix- 
ture of copper and tin, but any white hard metal 
wilt do that, will take a good poliih« But no mix- 
ture has been found out yet that will polifli truly 
without pores, fcar9, and fcratches, and dark ipots 
in them. And the fpeculum ab muft be. a Uttle 
bigger than the hole in the middle of the fpecu- 
lum FG* 
1 1*. Inftead of a fingle eye glafs, they are now gene- 
rally made with two ; which increafes the \^ble 
area a little, and prevents the objeft being colour- 
ed at the edges of the aperture. In order to this, 
the conjugate focus <?, muft be taken in the leScr 
tube HI, a good diftance beyond the hole ; and 
then place .a lens P near the hole, to make the 
rays converging to ^, to converge fooner, as to ; ; 

and 


r 
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ind there to form the image. And then place ano- pig. 
ther lens (a menifcus) at E, fo that Eq and Ev 1 18. 
may equal the focal diftance of it. Then the 
image which before was at ^, by tthe refradion of 
the lens P, will now be at q. Therefore rays flow- 
ing from the image at ;, and refracted by the lens 
E, will emerge parallel to the eye at v. But there 
is one inconvenience attending two eye glafles, that 
the ob^ed will be fainter by fo many reflexion^ 
fiom their furfaces. 

An eye ftop is to be placed at the laft image q^ 
to circumfcribe the image, and to cut off the fu- 
perfluous rays, which is a thin bafs plate, with a 
hole in it, lefs than the reflector ai. Alfo a veiy 
finall hole muft be made at Vj to let the rays pa& 
thro' to the eye, which muft be no bigger than the 
breadth of a pencil of rays at v. 

Since ro^ rE, rl are continual proportionals, ^ _ 
I will be the focus of rays flowing from r ; whence ' ^ 
the image ^f the fefledor ab will be painted dif^ 
tind: at I } and therefore a hole is to made in the plAe 
at I, juft the bignefs of that image, for the rays 
to pa6 thro* to the eye. If that hole be any big- 
ger than the pidure, the light coming by the fide 
of the refledor ak^ will go thro* the hole, and make 
the pidure confufed. And if the hole be lefs than 
the pidure, rays from the extremities of at will 
not pals thro', and fo the whole cannot be reprc- 
fentcd. Therefore to find exadly the diameter of 
the eye hole ; it will be f by Prop. XVI. B. IIU, 
UrE t ab : : El: breadth of the image at I, or 
the diameter of the hole' required. 

If you hold a thin paper at I, inftead of the 
plate, the image of ab will be painted on it, and 
will be vifible thro* the paper, being a black fpot 
very diftind, furrounded with light j and thus ona 
may find the bignefs of the hole experimentally. 
4nl the like for two eye glaflfcs. 

O $ . Ta, 


J?\g. T9;f€^ P^ftfi ^hat are near hwA dtftimStly; or 
jiy^ior long-$giue^ people, to fee fardiftant obj^s ; 
^\the listlf co^av^ ak ffluft fee ©loyed a Uadefrom 
the l^rgc ;Qne;; -b\it ^ little nearer for &oct-^htad- 
. fkcople. jA;)4 ^H this^ i« 4onc .fey liirnihg the ,€nd 
JL of tKe :rftd LM* iJPftT if W o^eft comes nearer, 
its ir^age at n jvili xome nearer / j and as iP».grpws 
.jjefs^ f<7 will grow gf ^Mejr ; and p will cooie nearer 
the Jg9p ^.. TjieifefQre to reduce nt back, the 
glafs ai is to be fet further off. But for fhott- 
lighted peopie, t,li^ focU? $ muft be Jfet nearer E, 
to m^kjs f hg fays diveirge more-; that is, to rmuft be 
longer, and confequendy /» fhortei;, or 41^ brought 
nearer pG. And the. contrary for . long^figraBd 
people* Th^refbi:e for. far diRmt kA^Sj and 
.^ort'fighted pe.<?pl€, forew right aboiu. And un- 
fcrew for near ol^^-^^ and for old men. 

^ke prqperlies qf this tel(fi(^.: , 

T. Jt fla^ey^.tte obje6ts erefl:; but not fo bright 

^s in % ^efra^^ing tekfeope ; becaufe metal reBeafts 

. |efe iigh$ thap glafe tranfriaits. For hyobfervation, 

.it appear^ that:aU reflecting metablofe more than 

9 third pairt of the rays. 

. %. The vifiblQ area of an obje^ is^asthe breadth 
of the eyip glafs. For (fig. 117.) if »the 'image at 
q^ aR(i the ^ye glafi .E be increafcd, Ae image at 
H wiJl alfo b^ iacrmfed, becaufe the angles of inci- 
dence ^nd refle^fipn at ab are equal ; and confe- 
quenriy. the yifible part of the obfedl is increafed. 

3. Xh?' brightnef? of an objed is- greater when 
the aperture is greifc^r. Forthen more light comes 
t9 the ;eye» ' 
1 1 a. 4- The brightnefs of the image is lefs towards 
the e^tren^e parts j becaufe the flbadow of the fmall 
fpeculurft falis on the outfide ; but on the middle 
it oftly qovcrs the hole. And this diminution is 
• greater in long telefeopes* 

5- ^ 


l; B.IV. I N.S JT 11 U31E?N TS. t^^ 

: 5. It :fe found by^ex^erienee^ thatj^ccmca 
Ae^r, whdie focal di^iihce n g:6 incbcsj^ 1\riU4)ear Ij8t 
tn i^rture of a.3 inches ^ and requities^a finall 
^euliim, whoTe dfocal diftance is 1*5 inciies, an4 
te^eddch 0^6 iftdi€s ; .dbd two eye gtaflfes,- i/rhpfe 
fodil dift&nce^ ^re 3.8 -and z.i inches. Whence 
the other tequifitcs are, the breadth of the hole x: 
Oig inches ) ^diflance of the litdefpecuhim and the 
greater jej^e ^lafs ^ = (4.2 inches; diftance' of the 
eye glailes '2 ^ inches. The magnifying power of 
this 18 '€0* 

'6. A tdefco^e of thk fort is, far (horter than a 

dk>ptric cdefcope (that has the feme magnifying 

' power. 'For one of thefe tefleftors 16 inctes long, 

' is fotmd to ihSLgmfy as much as a dioptric one of 

15 or r 6 feet 161^. 

Mr. Cafl^ainV tekfi^pi* 

ABCD is a tube open at tte end AB; FG ansji! 
concave fpeculuni whqfe focus is », and in the 
'middle of it, is a rdund h61e fdr the relieved rays 
ft) pafs thno'f *^^ a fmall convex fpcculiim wbbfe 
fecus is / J -this 13 placed between n and FG, lb 
that the focus n of the great^concaVe, and the place 
6f the ithage v, 'may be 'c<»i}Ugate foci, .or that/», ' 
#r, /^, may be tontinual proportionals. HI is a 
fcort brais tube, fcrewing into the end of the 
larger, having a convcK lens E iii it, fo pkced, 
that E^, EI may be ieach equal to its focal dif- 
tence. At V is a fmall hdlc for the rays to come 
thro' to the eye,' which h fomething lefa thania 
Gregory's* 

Now when the open ml is fettocwjrds theoTi- 
jeft, pSrallel ray* comiftg fMmthesobjcft :ar^ re^- 
fleeted by *h$ gtfeaC cohcave-iFG^ to the .focus 1^ 
and there would make the image of it inverted 
(by Prbp. X^HL' B. n.)| *but before < they come 
at », thcf are ^cffigaed *yt^4i«te'^ctonwfx «*, 


I 
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Fig. to the coqogate focus b, whkh being on the other 
X 19. fide of the refle&6r» will (hj the fame Prop J make 
there the fecond hnage^ ere& ia refpe£t of that at 
l^ but inverted in refpcft of the objeft. Then a 
being the focus of the lens E, the rays flowing froca 
0^ and being refrafled at £» will emerge parallel 
to the eye at I ; .where the objcd: will appear in- 
verted ^ but may be made ered, by caufmg the 
focus tb fall without the tube : HI, and applying 
a concave lens, as in Galileo's telefcope. 

To move the fmall convex back and forward to 
fuit all eyes and objeds, there is the fame contri- 
vance as in the Gregorian telefcope, by the rod LK. 
And inftead o£ one eye glafs two may be ufed, which 
muft be placed as in the Gregorian. At an eye Hop 
is to be placed as ufual, to keep ofFftr^gling rays. 

The traft of a ray RG coming from the upper 
part of the objeft, will be RGtf/wI •, where the 
part Gtf' tends to a;. 

The froperths of this telefcope. 

I. It {hews the objedb inverted j aiid therefore 
\& more proper for the night, where the inverfion 
of the objeds is not regarded, 
» 2. It is Ihorter than Gregoiry's telefcope, by 

twice the focal diftance of the leffer fpeculum ; and 
has the fame magnifying power, or rather more, 
and fhews the 6bj eft as bright, 

3. The vifible area is as the breadth of the eye 
glafs. For increafing the eye gUfs, more rays will 
come from the outfides of the objed. 

4. The greater the aperture is, the brighter tlie 
object will appear. For then more light is brought 
to the fame parts of the r^rtina. This will alfo ap- 
pear by ftraitening the aperture, by pujting a pa- 
per bcfbrc it, with a hole in it. 

5V The hrightnefs of the objed is^ fomething Icfs 
towards the txtrtmt. parts^ occafioni^^. by the (ba* 
dow of the fmall fpeculum. } ^ke 
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Fig. 

The Newtonian tele/cope. 

ABCD is a tube open at the. end AB-, FG a 12a 
concave refleftor, wbofe focus is ». ari a plain 
metal refiedor, fet to an angle of 45 degrees with 
the axis rz of the concave. Or inftead of metal, 
you may have a glajs pvifm abm^ the fide bm being 
parallel, and am perpendicular to the axis rzy and 
am equal (o bm^ and the fide ab muftnot be quick-* 
. lilvcred over ; for it will refledt all the light with- , 
out it. And whether this refleftor be metal or 
glais, it muft be an oval, whofe length ab muft be 
to its^ breadth, as v^2 to i ; becaufe it Hands ob- 
liquely. This reflector is cemented to an arm L^ 
which is iixed in the fide of the tube, fo that the 
axis of the ifpeculum may pais thro* the middle of 
ab. Let ro be made equal to rn. And let , be 
the focus of the glafs lens e^ placed in the fide oiF 
the tube ; and a thin plate laid over the glafs, with 
a fmall hole in it ; or rather a fmall tube going 
from thence, of the length of eo^ or rather more, 
as £1 ; at the end of which I is a fmall hole for 
the rays to pafs thro' to the eye. The refiedor ah 
muft not be made too great, and the refleAor FG 
may either be made of metal, or of glafs, accord- 
ing to Prob. V. 

The tube, A D being turned with its open end 
AB towards the objeft ; parallel rays coming from 
all the points of it, will be refledted from the con- 
cave FG to the focus », where would be made 
the image of it inverted. But by the interpofition 
of the fmall refleftpr ab^ they are hindered from 
coming to », and are reflefted thereby to the focus 
tf, where they form the fecond image equal to that 
at n Laftly, rays proceeding from this image, 
which is alfo in the focus of the lens ^ will be re- 
fradted by the lens, and emerge parallel to the eye 
placed at L Therefore if the face be fet towards 

the 



fUg. the open end AB, and the. eye ^p|)lied at 1, the 
I20. objeft will appear inverted. Or if you fet your 
face*tcw?atdsHfhe other i^nd CD, k^will appear ered: 
*tD flie eye af I •, %ut 4t' is • trouWcfotire to *ftoop 
^own, ekcept -the teWcbpe be rte^rtf m a horizoit- 
ttil ^ofiwon. 

The nnage -may %e m*die creft, by -mating tibb 
^fifles t?»f and -^ of the ^la& |«r?fitt not plain bilt 
tronvcx, that the rays may crofs, as w^fl befbrfc 
lQiey coiirtr at it, as afterwairdi between 'it tlnd xhc 

Of it may be erefted, "by ptojefttftg thfc 
Oy 'Wii3u>ut the tiJbe, and applying a cwicavfe 
"»? Cj oF t propcr-Ibcus. 

- The trad 6f an otoKqftie ray HZ toming ^ink 
•die -oppei^ part of th6 otgeft, is R!Zvj;m;i, where 
. ihe-pw: Ztf tends to >r, but is feftefted in diteaioh 
>w by the tJlane ai. 

The mfide of this tobe, and indeed of all tetet 
txf^Sy muft be nfade very Hack, to abfofb thte 
OTys of ligjit that fell upon them. 

AD thde forts of reflefting tefefcopes are fet 
upon a (land \nth three feet; and are moveiable m 
jt every way, fo that they may be direfted to any 
otgeft ; which done, they are fixt there with a fcrcw, 
which keeps them fleady in that pofition. 

In fuch of'thefe telefcopes as magnify much^ 
there is a fmall telefcope fixt to the tube, by the 
lielp of which, any objefl: may be found out, by 
dir^fting it to the fame btgeft. 

Tbe proper His of tbis uieftGpt. 

^ I . It will bear a greater aperture and eye glaft 
than cither of the others*, and confequently wiH 
magnify more by about a fifth part. It has llk^-^ 
wile other -advantages, for lci[s light will be loft by 
reflexion from the oval plane; than from a Ipheft* 
•cal refleftor/ And will dlJTo refleft the light more 
Truly. ' fn the other telefcopes, the diflancc of the 

eye 
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l^;giai^and littk^fie^ter is greatrt"; ' wiifch aiig- Figf 
lafiiitscriie etvors of refraftion. The errors of the i20« 
di^eiftMGt^ wit} be m^re^augmented byreQexion 
fomihe<fciall ccHiv^, ^hich therefore reauiceS a 
nvDoe exa£l figuie v -afid 4ience it will hot bear fo 
toge art aperture 5 ilkb Jbeing cohvcx it magnified 
too nuiah; i^and itiutl3(ilbre wit! reprefeat the objects 
i)fa£:uM^ jdaik, ttnd '^3frf^ ' * - 
♦ i..TA(erf)jcft in this telefcope appears 'inverted, - . 
and therefore is fitter for tlie n^ht : befides, it ap- 
fcatt ^ia a quke diffefrent place, which is not fo • 
hfltur^ aft when k is' feen in its true place, hj 
Jooking towards k <fir<f *the telefcope.- And this, 
adakes ;if hacd to find; * 

3 'JThc vifibje area is grcaijer; the broader the 
eye glafs is. And theobjeftds brighter, the larger 
the aperture lis. 

, 4.^ T^i^,a|id other ;forts of 4*dflefting telefcopes, 
are ftiorter than dioptric ones of the fame m^ni- 
^ying power. ^Becaufe the images made by rc- 
fraaion, are confufed and imperfe^ by reaibn 
of th? different refrangibility of the rays,, which 
has no effedt in reflexions. And confcquendy 
thefe images will not Bear to be fo much magni- 
fied by refractors. 

5- There is more care required in giving a true 
figure to a reflecting furface than- to a refrafting 
one. For an error in the figure of arefledoi* will 
produce almoft fix times as great an irregularity in 
the image, as it will do by the refraftor. 

■pa OB. xvfi, 

2^ find the magnifying pofwer of a rising tebf- 

^^ff \ alfo the indiJiinSlncfs and brighinefi^ and vifual 

JLci rV be the axis of the telefcope, and kt am2],« 
^ojeft appear tb the naked eye under the angle 

RVr 
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Figi RVr or tlV«, n being the focus of FG ; amd 
121. mc be the firft image made by reflexion fe>m FG-& 
aild AS the fecond ima^e made by rcteooa fitsm 
ab. Then drawing jE to the center of the eve 
glafs^ the angle j£i» (by Prop. XVIL B. III.} is the 
angle which the object appears under duo' the 
leicope ; and therefore it is magnified in the i 
of Rvr to cEs. But the angles of incidence 
irefle&ion bemg eqvial, we have RVr = nVx, wcA 
mrx zz ors. 

Now the ratio of RVr or nYx to cEs^ b com- 
pounded of (RVr or) nVx to «nr, and of {nrx «:)- 
. crs to oEs ; that is, of rs to JiV, and pE to #r i 
or of rn X oE to nV X or. And therefore the 

magnifying power is — ^i^. But fincc / is the 

rs X oE 

focus of ab^ and fby conftruftion of the tekfirope) 
tni tr 1 1 tr : /^, therefore nr : fr : : or i Uj 2nd 

fL. zz — , and therefore the magnifying power k 
ru • tr 

^IJiH. This is in the Gregorian and Caffegrain^f 

tclefcopes. But in the Newtonian one, where the 
images nx and os are equal, tr and to have no- 

. » V 

thing to do ; and its magnifying powei^ is — -^ 

W(fig. I20)!|. 


For the indifiinSnefs. 

The confufion or indiftinflnefs of the image iii 
the focus of the rcfleftor, is as the circle of aber- 
ration ; and f by Cor. i. Prop. XXIV. B. IL) the 

diameter of the circle of aberration is as .-^—1 

that is, as the cube of the aperture direftly, and 
the fquare of the focal difliance inverfly. And the 

apparent 


r 
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j^ffj gj^arent magnitude of that dimeter fecn thro* the Fig* 
ml mglafs, bas the diameter^ itfelf diredtly, ai^d 12^ 
. ^ the ftical diftance of the eye glafs invcrfly. And 
^. the indiftinSncfs in the eye is a^ the apparent area of 
that circle, that is as the 6th power of the aperture 
dircftly, and the 4th power of the focal diftance 
of the great refleftor inverfly, and alfo as the 
fquare of the focal diftance of the eye glafs in« 
ycrfly. Therefore if A be the aperture, and F 
the fcical diftance of the large refleftor, g the focal 
difliance of the eye glafs; then the indiftindneli 

A«. 
uas 
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Far the brigbtnefi. 

If the area of the image in the eye be given* 
the brightae& will be as the quantity of light, that 
il as the jGquare of the aperture. And if the lights 
or the aperture be given, the brightnefs will be at 
the area m verity. Therefore in general. the bright- 
l^is is as the fquare of the aperture dire£Uy, and 
t&e area inverfly, but the area is as the fquare of 
the magnifying power ; thptefore the brightnefs is 
as the fquare of the aperture direftly, and the 
fquare of the majgnifyihgpower reciprocally. There- 
fore if M be the magnifying power, the brightnefs 
• A* 

Cor. I. If F, fi be the focal dijtances of ibe great 
BHd fmall refieSor ; g = focal diftance of the eyeglafs^ 
to zz d. ^hm in the Gr^orian and Caffagrain*s te- 


F£ 

fs 


And in the 


kf^ope^ the magnifying power if 

J^ewtoniany it is —. 

g 

• Cor. 2. Jn objeil appafs equally difkinSl in refus- 
ing teiefiopet of the fame fort ; when the focal MJlances 

of 
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F® ^ fbe fjfff^ii^i anastBi cutis' of th$'M»tms>4f 
WU ihe great refle£i»s^ dMd^kfiib&fymtm ofthUf-d^ 
leal iifiances. ^ 

For if,-—,, be given; A*" is as F'^i and A> 
*5 ?*>,.. whence jf is a&-_--,. .. . ,' 

• . • . ■ . . ■ ' ' . - , 

Cor. J.. /» reflemng telejcops of tht fame forti^m 
. •I'^if^ afp£ars equally brigbty^wien th ^rt44ri4s^af 
tbje magnifying fomofr^ ' . . . •.. . 

^ ^'^ ^^ IvF '^ * ^^^*" quantity, thgo 'A' ifi. a» 
M% and A is as M. 


.•. '•> « ■ 


€or. 4. J*r ^w«^ n^kmn^ ulefinoptnif irtfe Ajw* 

v>bfn tJHetr-ajarturesaffttrnt^^iii^ pW»tl*J^<r'(f8<* 

' «r /i&^ /««* rw/^ cf ihe'iMiiU'ofi tM'^tiili^^^eti 

aftbe gnkf' ctmcMeH ani ^ focSd^mcir if th 

^gh04$4tttbi fm^tb'r<>6ts 'if tktpfmi ^Mets-:'' 

For in> tlic Nei^loflito ' t*laHJ«^' WFis- ai 

-^'5 ancj fiuce A is as,M.or — ,- ttiere)Gire« Apis u 

fir- ■ ■ ' • j|i- • ^Oc ^^ 

•' '•• 'F' ^-' '■ ■ ' P' 

F, andj;.afi^,.but^ i&.alfoas-^Kjaj^teflbfote £* 

A' - ■'^. 

*s ^ pl > and F' as A*, and A as yF» i aiHJtherei 

fore NT is as ^T'- When^^is as ^^ oiai^yE, 

(which is the fame thing) ~ ar gi^rt'rafid^^ wRkA 

ttt 

fuita theirt very w«teil;i theKM'Kiffl'be;as.£, and 

i 

aU 
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telefcopc, . , iM» 




Cor. 5. In refleSing^ telefcopet the vifuaJ angle is 
US' the h-e&dtJ? a^ the eyi^f^ 4ivid($§kl\ifs^J^fimk. 
from tbefmallrefl'eil^: 

For thd'aa|^e,c^. reft?^ion at r ^buing ^q^tof 
tMe s^i&le orlncidgnce^ the ray* rs* will mils tbe^ 
lin;^ ^if rif is not broad' enough. Therefore di- 
miniihing 1^% len4 d^mihiftues the angle srY and 
Yrx ; and alfo rYx^ and rXTR the vifua^ angle; and 

< jw i*^a«-- = br?ai^h;<rf jhe eye gj^,,divided 
by Ef. —-;'•'.-*• 

Cor. 6. If N h the angie^ which the ej^egia^ 
fubtends at the iittkr^^pr. %ben r^ i^ the angk 

us the A(h gifif^y ^uth'm'¥[^t<i^5y fhe an^k takem 
in^ is tliat ^bich tpe ^e\giq{i {(faced J» the focus} 
fubtendsi^t ibe gf^eat'Cf^nid^^ ] " .^ 

For l}ii]pp0flnjg the ^S rs" to t6ucfi t%;cdg^ of the 
eye glafe^*tl|eiivthq anmd "N rzi^irjfcirli^ns is t6 be 
dimirtif^cd in theii^aftio pf'rk to'T/VJ "to ,get the 
angle «|^ br ^ItV/l^^tfialt^is '♦nf atJy' ir'the ratio of 
rt to nVf'^^y^.f'xo^E^'lAhjaL ioJltg^wkon^s, nx fab- 
.tends the angle nZx,iz V^Zf .(^. izo-) The an- 
gle N is the lineaf Vfew^ and tfeit dimini in the 
ratio of/ tp |J n4arly, U *he real. arigTii, ihe part 
feen of tRe ol^qiS^/ajj^ii* um^ryjft^^ cy«- 

Cor ^^ * ^ * - 



Jyingpoxi^er, ^ ^ .,..„.. 

'4nd the;. Ikigkiz^ : as: tii^ fc^i^ i^nieUagtb of the 
tele/cape. 
For F,/, g^ arc in given ratios to one another; 

Wd the magnifying power is as •— or — ^ which 

« • . .• 

1$ 
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» 

Fig- is a given ratio,. - And the diftinftncfs (or its 

*^*^'fquare rooO is as— — , and this is a given ratio. 

- FV ■ . • , ° 

^ 


Alfo the vifual angle is as 


F+/ * '^ f < P"'- 


A* 


ting i = breadth of the eye glals), which is alfo a 
given raticr. And lallly,' the brightneft is as 

or as A* (becaufe M is givenj that is, ds F*, 

Cor. 8. From what has been laid down c$ncerning 
the nature and conftruSiion of tbtfe ielefcopes^ it vMl 
not be difficult to conftruS one of any length. IJbaU 
here infert fome tables conjiruilcd ly the preceding 
rules. 

The Gregorian ^elefcope. 


F 

f. in. 

/ 

A 
inches 

a 

I 

inches 


inches 

inches 

o 6 

1,14 

i.6j 

0.32 

I 25 

25 

o 9 

1.46 

2.23 

0.38 

'•53 

36 

I o 

1.76 

2.70 

0.42 

^'7i 

iZ 

I 6 

2.32 

3.62 

0.51 

2.04 

68 

2 O 

2.67 

4-5^ 

0.56 

a.3i 

93 

2 o 

3-4? 

6.26 

0.65 

a.56 
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Mr. O^egr'ahCs. 


f. in. 
I 6 

3 o 


/ i A 


inches inches 


a. 17 

3-57 


5 oi5»7 


3.89 
2±L 


inches inches 


0.42 

0-59 
0.76 


1.67 
2.34 


W 


9Q 
^55 


3.03 tago 


Sir 


r 
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Sir j. Newton* s. 


209 

Fig. 
1 2 1 . 


F 

feet 

1 

T 
I 

^ 

3 

4 


A 1 g 
inches inches 


5 
6 

-8 

10 

12 


oM 
1.44 

2*45 
4.10 


o.i6 
0.26 
0.23 
0.26 


Ni 


36 

60 

102 

138 


4^85 

5-57 
6.89 

8.16 
9-36 


0.28 ii7 


0.29 202 
0.31 23I 
0,33 287 

0-35 340 
Q'3^ 39Q 


Scholium L 

. The breadth of the fpeculum ah is not deter-- 
mined by the foregoing calculations, and therefore 
is left, to the judgment of the artift. But it nnufl: 
be confidercd, that if it is too broad, it will inter- 
cept too many of the bell rays, from coming to 
the large concave FG ; and if it be two fmall, 
many of the rays refledted from FG, will pafs by 
it. Therefore to avoid both inconveniences, it 
will be proper to make its breadth to that of FG,, 
as their focal diftances, or rather as rn to Vn. For 
then it will juft refleft the whole pencil of direft 
rays that falls upon FG, (fee fig. 1 18.) 

Likewife — was aflumed a givpn. ratio ; but as 

it is unlimited, it rhay be taken otherwife ; and 
then this will caufe a variation, in all the other quan- 
tities, and their proportions to one another. And 
of this experience will be the beft guide. 

In the tables before laid down, it is fuppofed 
that the focus ^ falls at or about V, and on that 

P fup* 
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Fig. foppofition the magnifying powers are calculated » 
tit .which would be gfeajter if o fatlft beyond it. 

Inftead of a fmall ceAcave or convex refleflor 
aby a plane rtfle6tor ^aj be ufed. But then to 
have the focus o to fall at V, it muft be placed 
in the middle of nV ; and theh its breadth muft be 
half of FG, dr fclfe it caiM^t refleft all the direft 
rays falling on FG, knd Mfleaed by it. Such a 
plane refledor would ftc^p h X{uarttr of the direft 
pencil of rayi, and the beft of them too. And 
befides, the image at v would be no bigger than 
that at n -, and therefore this coniltuftion will not 
anfwer the end. 

Very long telefeopes fhould not be ufed to m^-* 
ftify terreftrial objeftSk For they ibqually magnify 
the particles of the atmofphere, and all grofs va- 
pours arifing in it. And thro* foch telefcppes the 
air appears in a perpetual tremor ; and the more fb^ 
the more i3ie tclefcopc magriilids. Attd tJxi^trcm- 
' bling motion of the atnto^here maSctt ^eNrery -db- 
je6l appe^ confufed and indiffiftft, , "*Phe dftiy re- 
inedy is a ferene and tiuiet ah*. 

If it was not for the different rcfrangibflity of 
the rays, the eyrorrs in Tcfrifting telefcopcs, ^vould 
only be ftich as are caufed by the fpheticalncfe t)f 
the figure of the glafles ; and then the dimenfions 
pf the feveral parts would be proportioned by The 
fame rules, as in refledrhg telefcopes. Bttt "as ex- 
• perience fhews the contrary, it is plain, that the 
aberration arifing from the fpherical figure, is -ex- 
tremely fmall, in comparifon of that pfocecding; 
from the different refrangibility. 

I fhall here add the algebraic expreflions for the 
fevefal parts of Grcgory^s telefcope, fuch as have 
been fouhd to anfwer experience. 

Let focal diftance of the great concave = F. 

its breadth — — — = A. 

magnifying power — — ' rr M. 

caa.. 
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«ui. angle the hol« ii^ t^ie 09ncave> _ Fig/ 

Ittbten^ at?he eve ^hfy "I «•. % j^j^ 

jjy. =3 f, v^Af ^1 «<^ 3; M* 

Aen, f ='b:ea^th o^ t^ W^. <*t »* 4 ^ »^ych 
qf the objpa aj ^e ew ^f^ps ^p,; %]^i,P§ tt\? 
qr? gkl? as. bk ^. t^ (iqle. 

Breadth of the hole in the concave, | ;^ ^ j^ » 
cr of the fmall fty^cwlvun (f ) * 

Vy/C 

fiiftancc of the fpcculums (Vr) =: F + . — »- =: l 
ftcal diftanioe of thd eye glaii ^ s; £e>) z: JLjLs. 
of theeyeCSn =i^^ = ^, 

i^rcadllifof thphqleintlippl§^pa^ t|ie?^c = ^±5* 

Note J day telefcopes require an eye glaf$ ^f twice 
the fbcus of night ^elefccmes ^ 2^4 ^agni£ic9 hut 
half ^ much. 

Scholium IL. 

Befides the telefcop^ deicf^bed before ; there U 
aUb one called a kinocul^r or double tele/cope. This 
18 no more thap two equal telefcopes fet in a fraqiic, 
parallel to one anothpr ; and thefe may be fet at i 
propier diftance from one apother^ by the help of . 
u:rewB ; aiid that diftance is to be the fame, as th$ 
diftjince of the- two pupils of the eyes. Wheji 
that is adjufted, ^ perfoh is to lob^ thro* them botii 
at once ; thro' one with each eye, to any object i 
which will then be feen by both eyes, and apge^r 
&F Ixighter than thrQ* a fmgle ^ledrope. 

P 2 M 
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Fig. All telcfcopcs -in general reprcfcnt all tcrreHnat^ 
objects to be nearer hahd, but not larger ; and this 
nearnels, vicinity or feeming approach of the ob- 
jeft, is as the magnifying power of the telefcope. 
Thus looking at a man loo yards off, with a te- 
lefcope that magnifies loo times; the man will ap- 
pear no bigger, but will feem onty to be a yard 
off; and the like of other obje&s fitu^ted oh the 
' earth. 

p R o B- xvin. 

' To find the magnifying power of a telefcofCj hy ex- 
feriment. 

' Make two equal circles of paper of an inch dia- 
xneter or more, and fix one or thqm upon a i^all 
ICO or 200 yardis diitant ; and the other at a fmall 
dift^nce, in a line with the firft. Then look at the 
. further circle thro* the telefcope with one eye, and 
at the near circle with the other eye naked. Move 
the nearer circle (or elfe the telefcope) back and 
forward, till the two circles appear equal,- or coin- 
cide. Then meafure the two diftances, from the 
eye glafs of the telefcope to the two cirles ; then 
divide the greater diftance by the lelTer, and yoti 
have the magnifying power of the telefcope. 

Or thuSy 

If you be in a room where there is a cafement 
pT falh window; caufe a ftaff, or fuch a thing of 
two or three feet Jong, to be fet upright at a good 
diftance from the houfe. Open the window, and 
place yourfelf at a convenient diftance therefrom, 
fo that you may be in a line with the ftaff, and the 
fide or frame of the window. Then looking thro* 
the telelcope with one eye,, to the ftaff, mark the 
extremities of the ftaff where they appear on the. 
window frame. Alfo with the other eye naked, 

<or 
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for with, the fame eye atterw;ards, pjaeed wheiie Fig. 
the eye glafi of the telefcope was) look at the ftaff, 
and mark the extremities of it alfo on the window 
frame. Meafure how oft this, laft diftance is con- 
tained in the firil, and that is the magnifying 
power. 

Inftead of a ftaff^ an accidental objefl may pre- 
fent itfelf, which will do a& well ; as a chimney top> 
a window or door of a houfe, a tree, &c. By try- 
ing thus feveral times to fkid if your marks be 
rightly let, you may do the thing pretty exaftly. 

In a. refracting teleicope, when you have a large 
objeft to look at, you may do the fame thing, by 
looking the contrary way thro' the telefcope to di- 
minifh it ; and making marks as before ; and like- 
wife looking with the naked eye, and making, marks 
likewjfe j for thefe will give the fame refuTt. In- 
ftead of marks, you may ftick pins into tl^e win- 
dow frame. 

P R O B. XIX. 

To make a Jingle microfcepe. 

A microfcope is an optical inftrument, made <&f f22. 
one or more gkfles, 'or fometimcs with a refleding 
metal-; to view very fmall obj^fts. 

To make a (ingle one, take a very fmall lensL, 
fix it in a frame to take hold on with the fingers -, 
and place any fmall objed: PR in the focus of it ; 
and applying the eye clofe • to it on the other fide, 
at Q, and looking thro* the lens ; and it will view 
the objeft diftindly and magnified. Or if the fo- 
cus is not known, move the. objeft to and fro', till 
it appears moft diftinftly ; and then it is in the fo- 
cus ; and thfcercfore the rays will be refrafted paral- 
lel to the eye,. 

In this mifrpfcc^,. put D = the leaft diftance, 
thjt the naked eye can fee diftinftly j then the mag- 

P g nify\ng 


*,^ Of TIC A li. , 

ts fe^n difcft. 

For the .ftys Adm P «ttd ^R fertter thfe%yc imdehr 
the angle PLRi, but to the naked «|n& tie^obgedk 
appears under the angle which PR fubCends « cte 
diftance D. And th^ angles at% TecifMydAlf as 
the ^Utandes D and QL. A^nd dibi^fere tte 'a^fnt- 
rent magnitudes itre in thA rttio. 

If the lens L ^£ts fkken awayi, tod ^ pfatb ^h 
a fmaU hek in it ^M in its place i^ the'dbjdft f% 
will ^pear uo^r the fame ^^agle jPiJR to befbre* 

• • » 

^^^ Sitttife lehfes (iaihhbt 'bb fbrtWed fth^l ^ticfUgli To 
^'Vie^ V^ry 'mimiifc -bbjcifts) thdfe is a IfdteTfiey 6f 
"makmg ufe of vc*y frndl ^heres fbr that ^i^dfe. 
Let ABD be ^ fihall ^phel^, C its^tentet, FQR ah 
objeft, placed in the focus Q, where fiX^zt f AC. 
Then applying jiht; eye xlofe behind thelphere, it 
will fee the objcfl: "magnified, for the rays flow- 
ing from the ibcus Q^ ^rfKl fiddling On the fphere, 
will emerge parallel to the eye, and the objeft will 
appear diftind, an4 6rc#. 

Ifii) W the leaft di^flce thlat^he naked eve 
can fee diftinftly » tt«en the^m^nifyisg :]K>w<3rniv^t 

For *draWii% PCG, RGF thro* Ac CUift^ C, «he 
rajrs'frbm P and R ooirteto tiic.cye attdtr*he to- 
ggle FCG or PCR. ^Jmd \hat angle is tb^e ahge 
'whidh the objeft ^appears ucvder ^'i)\t ^ahte%, 
:a$ that ftiftance B io CQ ; -land theftfoi^ that is the 
Tlirio*of tK?'faw^ifying;p6wcr. 

Whdite 'this ^fphere has the ihine ^riiignifyiHg 
power as a lens whofe focal diftance is ^(Xi^. feat 
-theie i^herc^ art; infeflbr mi» foiles^ 1w«artife fe the 

4tefts 
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kfis Ae ofc^i^ IS thrpc tiaw& a& £ur (fifbni: fnotil it. Fig, 
as it k from the fphere; for whick Teafon the I9j. 
fphcce hi4es almoft aQ the tigt^ fixun the dhjdSt. 

Thefe fpheres are fixt bfitweep two brais platas^ 
or n^h^r Qtie plate doufale4 i& the middle^ and 
having a fi»all hok drUl^ tb.ro]ngb it, to take up 
about tliirty degrees of the fphere^ and in tb^ 

lk)le tte Iptem.k k%g^* 

AB is a tube, halving a fmalliens or §)hcrc fixi 1 24. 
m thfi^ipd A, and tbe end B muft be covered with 
a very thill paper;. P i^ the objeft, which muft 
be placed ^ little further ojff than tne foicus •, lb 
jh jt f he other focus (conjuj^ate to P) may fall juft 
0^ die fi^per at B j which is eaftly known by mov- 
lfl£ JP £kcj^ and forward, till the image ^t B bje 
4toJI$> where it will appear magnified, in tht ra- 
tip gf ite Jjepgth of the tube, to the focal dift^ncc 
^f tT>e fil^fc 5^hejpe or lens, and inverted. The 
-pbje^ ,r 9jjel\t fo fee illuminated. 

A inicrAKrppc may be made, by placing two 
piano cpnvex glailes in a frame, to touch at their 
convex furfaces. This will fliew the objeiSls flat 
«nd *.Wxrook€d. 

Cofs I, In JingU mi cr/t f copes ^ the chjeSi wll he 
tm^iy 40in^9 wben tif apertures are josthefocqi 
iUftances. 

]ppx tbep tbey sxp fimifer parts of the whote 
jQ^jes, laid confequently there is the fame fepara- 
twn pf fhe r^ys in bpth^ upon which the indiftinfl:-. 

^^^ depends. 

Car. x9,: fbi tfia^H^ng power of a Jingle lens is 
irniiprnicaify^s rf^ j^««/ 4ifi^na \ cr ii is — .. 

For D the diftance to fee diftinAly, is given. 

P 4 Cot. 
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Fig. Cor. 3. An ohJ£S would Appear as great to the 
•122. naked eye as thro" a Jingle microfcope^ if it was placed 

at the focal difiance from the eye^ and tie eye could fee 

dijiinaiy at that difiance. 

Far then D =: QL, and the magnifying power 

_, is I J and it would appear under the fame . 

angle to the naked eye as thro* the micrpfcope. 

Cor. 4. The MgBlnefs of an objeS feen through a 
"Jingle microfcope is as the, fiuare of the aperture^ di^ 
vtded by the fquare, of the focal diftance^ 

For the focal diftance and apertiire being fup- 
pofed in a given ratio, the angle whiqh the glafi 
iubtends at the focus is given, and cbrif^uently 
the quantity of light contained in that angle (or in 
a cone defcribed by jts revolution) will be given. 
But, when a given quantity of light enters the eye, 
. the brightheft of the image will be recipr6cally as 
its bignefs, that is reciprocally as the fquare of thie 
magnifyingpower, 'or reciprocally as the fquare of 
the focal diftance. Now increafe the aperture, and 
the .light will be increafed in the ratio ot the fquare 
of the diameter of the aperture. 

Cor. 5. The more convex the lens is^ the greater is 
the imager - but ^ then it is alfo the more obfcure.^ And 
therefore we cannot magnify as far as we pleafe^ un- 
lefs more light be borrowed to illuminate the objeSl'i 
and that would J ail at laji.- 

For the power of the microfcope would be li- 
mited by the breadth of the pencils, that 6nter the 
pupil, and thefe are equal to the breadth of the 
aperture ; and if that be lefs than -J- o>^ 4 ^f ^ line ; 
the edges* of the . objeft will begin to appear in-^ 
diftind. And to preferve the fame diftinftnefs, 
the aperture cannot.be increafed, but muft be in a 
given ratio tp the focal diftance, 

- S c i^ o« 
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c • Fig. 

O C H O LIU M. 

There is a way. to make wjitcr microfcopes, 1241 
v^hich is thus ; take a thin brafs plate, and drira 
hole in it, about the 30th part or ai^ ipch* Then 
take a little water upon the point of a needle or 
pinj'.and-fill the hole .with it, and this water will 
jofm a double convfjip lens or fphere. Then a 
fmall objed: being plaged i;ipon a thin glaff, .fixed 
in the .other end of the brafs turned up, and 
drawn Mitq the focus by a fqfew^ Then the objed): 
wUl appear D^ia^ifyy thro' the drop of water^ 
mpre or lefs according to.thejmallnefs of the hole, 
^ut this fphere of .^ater will exhale, and yaniih 
away in. a little time, : 

If an ot^^Sc be illumuiated by fbme homogeqeal 
. colour iq a dark( room, the microfcdpe will bear 
a deeper charge and a Urger aperture, with dif- 
tindn(?fs. 

To xnake the little, glafs/pheres for microfcopes. 
Take iibme fipall pieces of broken glais, and hold 
them in tfie blue flaa^e. of a candle, till they be 
red hot, and run intpigloJbes, or rather in. a lamp 
made with rectified fpirit of wine, with a wick 
jnade of fiiver wire laid clofe together. Any fmall 
piece pf gl^s taken upon the end of a filvef needle 
wetted withi fpittle, and this held in the flame till it 
is melted, and becomes roundj then it mull be im- 
mediately taken out and cooled. Or take a clear 
piece of ^giils and.heat it in the lamp,* and draw 
it out into a long thread ; then holding the end 
of the thread in the flame, till it run into a round 
globule: hangjriof at the fend of the thread; it . 
• muft then be taken out. Thefe will magrtify 
vaftly if they, are as big as a grain of muftatd feea, 
or of a fmall pin hcS. The chief ufe of thefe 
globules, is to Ijcwk at tranfparent particles of mat- 

. ; terv 
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F^« ter I and the leaft globules have the greateft power 
of magnifying. 

Drops of liquors ^ich are » 'b6 i^ewed, muft 
be ^r^ad upon a thin glafs, cbntnred to Aide 
every way, that all the parts of it nmy be brought 
fucc^vdy to the focus. 

By help of thefe inftruments one may fee the 
droftlatiott of the blood in animals ; the animal- 
e«fa that r^im in drops of water impregitated 
with finger, pepper, and fuch fike tilings ; alfo in 
vificgar. TTieir forms are various, and their m6- 
tidn odd aiid fiirprifing ; thefe mvtne^are like 
«els, and fwim l&ce thcnr; and g e n er a te their own 
l^d. ft is iikely thefe animals are drawn out of 
the air by the imell of the infufion in which diey 
tit £3iund. For none appears in a vcflel that is 
ciofe wvcred. Milk appears to confift of tranlpa- 
rent globu^les, fwimming in a trasfparent liquor, 
but of a different degree of refraftion.. The ani- 
malcoia that fwim in water are of a globtilar form; 
Init tranfparent ; they have two motions, one pro- 
grcffive, and the other a rotary one 3 they are ex- 
ceedingly fmdl, §0,000 of them being but equal 
to a gram of fand. In rivers after ram there are 
plenty. Rain water has many, and fnow watser 
»morc. Tht dew and the air is ^11 of them. 

V ROB. XX. 

1 
• • * 

To ^meke a catnpoutfi Microfcoft wi^ two «r mere 

9anv$x len/n^ 

11^. Let idle micrdfeope be made with ithe two tonfes 
A and B ^ A the objed glafs, which miuil lie a, 
. very fmaU ione, and very convex ; F ifts Ibous. B 
t^ eye glais, being darger than the other. PR as 
the objeS, which muft be placed, a little beyo&d 
«he focus F, of the glaia A. Make QF, QAt 

Qi 
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Qq condAuai proportionaU i and tn&e f die Fig. 
^tte of the glafs B. Alfb make Af AB, AO laj^ 
Mntihifid ptt>t)orti6nali!9 Md O is the place of the 
eye, where looking thro* the glafi B, it i^ill fee the 
objedfc at a inverted. Thefe glafles are indoled in 
k ttte, wbich may be brought nearer^ or fet fur* 
ther froth the objeft Pll^ as there is occafion, by 
ilidihg within ianother tube. Generally there arc; 
ieveral lizes of the lens A^ fixt in littte cells or but^ 
tons, whidi fctew upon the end of the tube, as 
one tias occasion to ufe a greater or lefler magni^ 
fier. Irhe objects are laid on -thin pieces of glaif 
or ta!k> to which tliey cleave, and thefe are &ced 
in 'Aiders, to 'be ufed occafionaQy. It is beft to fet 
the tube wright, and look down perpendiculaity 
upon the 6bj\s£t, thit)^ a fmaH aperture made, at 0» 
There is a concave or contex glafs in moil of thefe 
roacliines, to throw light upon the objed PR. 

Since QTF, QA, Q^, are in continued propor* 
Ifion, C^and ^, are conjugate foci ; (by Prop. XXI. 
IB. ul.) and.^r is the image of PR. And fince # 
Is the foCus pf "B > the rays flowinc from fr^ ana 
refraftedby fe, wiir emerge parallel to the eye at 
B ; where it will fee the image pr diftind, and in 
a coliti^tf^ vl><^^ion %0 PR. iJkewife fince A;^ 
AB, AO are continual propertionals, A and O are 
Cbrtjugace foci j attd (by Prob. lH.) therefore O is 
•the place where all the j>encils meet, and confer 
quently is the place of the eye, ^o fee the moUt of 
the objed:. 

If 3 2= the kaft ^(fiftaiiGe the mfised eye can 
fee diftindlly, then the magnifying power m 
l>XgA 

jBxQA* 

For )ifa the Angle >iiucfDfe(Maie B (Prd>. XIX.], 
^e ima^ ^>is^nagn]fied in tne ratio of D «co |B. 
And^by the'letis A, theobjed PR is magnified 
'{to pr). to tihc ratio ctf Aj to AQ, (by Prop, 

XXXIt 
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Fig- XXXII. B. III.) ; therefore the whole magnifying 

*^^' power is -*— — 2 . Alfo fee the Corollaries pf 

Prob. II. ; 

• To fuit the microfcope to fliort-fighted people^ 
the glaflTes A and B muft be placed a little nearer 
together, that the rays of each pencil may come 4 
little diverging to the eye. 

The lens B muft be greater than A, otherwife 
many of the rays pafling froni the objeft through 
A, would mifs B ; therefore it muft be broad to re- 
ceive them J and the axes of all the pencils will 
meet atO. This conftruftion is nearly the feme 
ts irt the aftronomical telefcope ; only the objeA 
glafs A is here lefs than the eye glafs, which muft 
be greater in the telefcope. ^ ^ . 

In many of thefc forts of microfcopes, ther6 are 
two eye glafles ; and the middle one is the largeft ; 
and is placed before the image pr, between q and 
A. By this^ means the microfcope receives morfc 
light; And thefe two eye glafTes bring the ray» 
tooner to a focus, ajnd gives a larger view of the 

bbjeft, 

> < 

, Cor. iv. The magnifyif^ fe^ir^f a fyubU mi^ 

-ifofcope AB, is ^^ . And is fmething kjfer in 
^ jBxQA 

tf tuMe mier^fcope : which is Jhorter^ wSere D is tbf 

}iiftance to v^icb ^he eye can fee dijfin3fy. 

. Cor. 2. The' apparent hrightmfs of an ohjeSl PR^ 

is as ^ ^^ ; putting A for the aperture of the oh- 
jA* 

jeSt glafs A. * ; 

For the light falling upon A m the plane 

PAR, is as the angle it fub tends at Qi that is, iu 

'A AA 

-—- •,' and that cone of light is as — , — •, and that 

AQ ^ - AQ* 

. light 
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light is tranfmittcd to the image^r, and fo to the Fig* 
bottom of the eye ; and its brightnefs there mU be 125, 
as the denfity, or reciprocally as the area of the 
image; that is, reciprocally as the magnifying 
power. Therefore the brightnefs is as the fquare of 

XTT X ^ /^ s that is, becaufe P is given, a$ 

the ftiuare of ?. 

^ Aj 

Con 3. Tbe vifual angle is as the breadth of the 
^eglafs. 

For if the eye glafs be contracted, fome of the 
extreme rays will mifs it, and fo the view is con- 
traded. 


Cor. 4. // is found by experience j that a double mi- 
lirofcofe performs well when the aperture of K is -4^ 
Bf an inch^ AF = 4^. Aq zz 7, and Bq zz 2. jind 
Jhe magnifying power zz 36. 

Scholium. *^ 

» 

Althp' the aberration occafioned by the figure of 
the glafs is of no moment in telefcopes, when com- 
}>ared with the aberration arifing from the different 
refrangibility of the rays ; yet in fuch fmall lenfes 
jas are ufed for microfcopes, where the apertures 
.«re large, in refpeft to the focal diftance 5 the 
aberrations by the figure become fenfible, and of- 
ten eaufe the image to be indiftinft. For example, 
iet there be a finglemicrofcope, whofe lens i$ -j-V 
4>f an inch in breadth, and its focal diftance near 
^g- Then (by Cor 6.. Prop. X LI. B. III.) the 
aberration by the figure, will be to the aberration 
by the colours; as 232 to 256, almoft equal. So 
that in fmall lenfes, the indiftindnefs is cTaufed by 
both forts of aberration, and therefore cannot well 
be brougjht under any rule. 

' A. fmall 
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Fig. A finall' affaxmcHnkol ulekopt mzf\ie cunitct 
125. into a microfcope, l^y dfaWbg Ac eye gk^s feme- 

thing further from the obj^ glais ; aiid looking 
; thro' it the contraiy v^jj a| tfa^ ob]e£fc |>|accd near 

^e «a4 of it. 

P R O B. XXI 

Te kake a r^eSing tuicrofcope. 

11(5. 1m F6 be a refleAing metaliiiie concave, wboie 
focus is P, BC a refra&ing lens for the e^o gla% 
placed upon the fiune axis. Q zxy objeft, placed 
ne^ the focus O. Take PO, PV, PA Gontinudly^ 
proportional, and place the lens BC fo, that A 
may be its focys. Then take VA» Vfl, VI^ con* 
tinually proportional, and I i$ the placp of the pye^ 
which thro' the eye glafs BC, will fee the ol^eft fit 
A diftindl, inverted and magnified. 

For O and A being conjugate foci, the objeft 
at O will be rcprefcatp4 ^% A inverted. And A 
being the focus of QC, the rays flowing from A 
will emerge Ironi 9C parallel to the eye at I, and 
caufe diftind vifion. 

The eye glafs E is inelofed in a tube JIL, whk|i 
Aides within ano^icr KH, which is cjofe as fer 
a$ DEI, birt open in the foacc DFGIf, to let the 
J.^ht in upon the obje^^ G. A ^00 muft be fet 
at A to cut off the ftraggUng rays. To iiluminate 
the ofcgedt, it will be proper to throw the light 
wpon it, with a^coneave refleftor. 


Cpr. I. JfVlis the le^Ji dijtme (t^t fht ^e 
faJiftit^ly (as eight incbfs)^ thm ti( m^mi^f^i 
, VAxD 

For 










r 
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hr the otgeft .is magnified M A, in the ratio Fig. 

i (by Prop. XVI. B. H.) and this image at A "^* 

agun magnified by the lens BC, in the ratio — — 

. 'AE . 
tfjr Cor. a. I^b. XIX.) 

- €or, 2, Tb9 appannt irigt^ntfi injeveral m&tf' 

mes,isasJ^^. Wbtre h is Sb€ 4iferturc of 
•V A* 

fa* 

For the lig^ faSnig on FG, is as the feftbn di 
Ifae cone FOG, or as .j^ir \ and that light carried 

to the image at A^ and thence to the eye^ has the 

brightnefe diminiihed in the ratio (rf the area of 

Ac image in the ^e, or as the magnifying power. 

, Therefore the brightnefs is as the fquare of 

A^^ VOxAT: ^^^ Ao< AE „ . AxAE 

«^x ■'■ ■ ,1,1 .1, , , 4Pr or ;2 ' - " ^^ or or ■■ ■• 

yo VAxO VAxD VA 

Cor. 3. If is found iy experience, that a microfcofi 
t^fiom very weU, that has tbe following dimeTjfions ; 
PG = X incb, VP =^, AE = ^ PQ zz-^ PV- 

* 

A refleding microfcope may alfo be made after 
&e manner of the Gregorian telefcope, with two ' 
concave ^ectdums, the objcft being placed with- 
out the tube at ^ fmall diftance from the end of it. 
Or it may be made srfter the form of Mr. Cafla* 
grain*s tdefcope, with a concave and a fmall convex 
rcfleftorj and the objeft to be placed between tho 
principal focus and center of the large concave^ 
^A a little without the fmall refleftor ; and then 
cai!h of the .refledtors muft have a hole made thr^ 
^;to let the ray^ p4& from the objeft. 

P R O B. 


L 
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PROS. xx:ii. 

To make a folar microfcope. , . 

The ufe of this inftrument Is to magnify trstnC- 
parent objcft^ which are very finall ; and to ex- 
pofe them to view by the help of the fun's light 
thrown upon them, and cafting their image on the 
oppofite wall of the rooirt. * 
127., The conftruftion is this; CD* is a microfc<^>c^, 
glafs, F its focus, its fo^al diftance:GF, which 
may be ^ of an inch or 4- an inch. The glafs CD 
is fixt in the tube EK, which Aides ^within another 
tube HI about two inches diameter, and eight or 
ten inches long. O is a very fniall 6bje6t, placed on 
a flip of Mufcovy glafs or talk, in a Aider, which 
goes thro* the tube HI, where a flijt is made oh each 
fide to receive it. By Aiding the tube EK contain- 
ing the microfcope glafs CD, within the other tube 
HI back and^ forward, the glafs is fet to any difl 
tance from the objedt 0, which is to be placed fome* 
thing beyond the focus F. The place of the bb- 
je(5l O, is adjufted thus ; let L be the. oppofite 
wall of the room ; make OF, OG, OL continual 
>roportionals ; and O, L will be conjugate foci, 
)y Prop. XXI B, III. 

To illuminate the objeft, a lens AB is fixt in 
the end of the tube HI, to coUeil the fun beams» 
and throw them upon the objeft at O, which muft 
be placed between the glafs AB and its focus ; for 
if the objeft was in the focus of CD it would. be 
burnt or difpcrfed by two much heat. 

This infl:rument is only ufed in a dark room, 
to which purpofe the end of the tube HI goes thro* 
a ball and focket, which .{its into a hole in the 
window fliut MN -, then the tube being dircdtcd 
towards the. fun i the lens AB will caA: the fun's 

rays 


i; 
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rays upon the objcft at O, by which it is'ftronglyFig. 
illuminated. Then rays flowing from it as a lu*i27« 
minous body, will be refraded by the lens CD, 
and converge to L^ where it will paint the image 
of that body. For O and L being conjugate foci, 
the image will appear diftind at L. And there- 
fore the tube £K muft be (lid in or out, till the 
, image at L appears diftind. 

There is a contrivance of placing a looking- 
glafs without the hole of the window (hut, which 
may be fet at any angle. And by turning fomc 
fcrews or pins, it is fet to fuch an angle as to re- 
fled the fun's rays horizontally thro' the tube ; fo 
that it need not be elevated to the. fun. 

By the help of this inftrument may be viewed 
the animalcula in pepper water, in vinegar, or any 
other liquor ; and likewife any other fmall animals 
that are transparent. 

It is by the means of the fun's light that the 
pidurc at L becomes vifible ; for feeing it is. very 
much magnified; the brightnefs would decreafe 
in propc^ion to its magnitude, and it could not 
be feen at all with common light. 

Any ob^edt O is magnified in proportion of 
GL to GO, or the diftance of the image from 
the lens CD, to the diftance of the objeA from it. 
And therefore the fmaller the lens CD is, or the 
lefler FO is, the more the object will be magnified. 

p R o B. xxm. 

To mdkt a magic Lantbcm. 

ABPQR is a tin lanthorn a foot diameter; or ***• 
it may be a fquare box of wood ; HI a round 
tube tour inches diameter, and eight inches long^ 
fixt in the fide of it. CK another tube four inch- . 
es long, aiding within the firft, and ha^iiig a 

Q convex , 
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Fig. convat lens D of three inches fbctt^ fixed in k. 

]2S« O an objed whofe image is to be proved on 
the oppofite wall of the room at L. F it the 
fbcus of D, and O is to be placed beycmd F, lb 
that OF, OD,^ OL, be continual proportiotials^; 
and then L will be the tdace of the image. Tfais 
ihftrument is only ufed in a daiic room^ and to 
illuminate the objeft, a candle or lamp is fet at £, 
and a concave refleftor GN placed <mi the ot>po- 
fite fide J fo that its vertex may be ih the &me 
line widi £, O, F, D ; and that £ ^nd O ma(f be 
conjugate foci, to the tt&t&or. 

The objed at O is generally fcOM ludicrcnis ik* 
frightful figure, oh purpofe to divert the {pd6tMax^ 
it is painted upon a f^ece of plain thin gla!fe» in 
dilute and tranfparent colours; fotif tmf ^rere 
opakq they could nek be i^irdented at tJie focus 
L. They are beft done with oil of %ik<s Wihtt 
"(irith fcfveral forts of coloui^s }^f peMtiVt^ the 
gtafs aAd' dry pfcCently. Tiit filHetf <£ gkfk t&e 
iigures are painted on^ vire fQt it^ lfi4i^, tkree 
of them in one Aider ^ Whidi ^f e "to tie put in at a 
flit at 01n the tu1>e Hl^ Wh«ti ulM, ^flgrui iti to in- 
verted pdfiti^n ; they tmtt bt plac^ in a tiM be- 
tween £ and £>. SMiU Siting tfnimals may idfo be 
ufed ; and foM^ 6f t\»m WASt a moft teitible ap- 
|)eairsihGe. 

Thiis fl)ac4)ine i^ariiiNi ititd « 4^A roMs 4^ fet 
on one fide, 2(nd the candle or lamp £ being light- 
ed, and the bole Inade ctefd, the dandle partly by 
its direft light, but more by that refledbed from 
the fpeculum GN, wiH ftrbngly iHvlitiinate the ob- 
jeft at O^ which being tranfrarent, the light will 
pais thto* it, and being refraaed-by^tihc lens CD to 
the oppofite wall, wiJl give there the imagfe eteft, 
beeauie the objeft was inverted. If the image at 
L is not diftinft ; then to adjtrft it, dtaW the tub<: 
CD a Bitlfe in or out, till the imagt appean dif- 

tinft. 
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tinA, ^ it tmy be pjrjcgcftpd jtp any diftajiff . Af Fig. 
there iif a 4eal of ftnp^ prp^qoptj l»?JthiA jhf Ian- ij^. 
thorn, dierc i$ a h<^# II ;ijt jch? ipp, jtp ^nyyy ij "^ 
away. 

Inftead of the concav;? f:e^e^r jGN, ppp may 
place a 4eep owyej jki\» Ap, in thp^ni^/Qjf the 
tube HI^ which wilj ti^QW thp ligiit of t^e frf^dlc 
upon the olbg/eft ^ O, g|l4 iUupunate ijt. Li^ewijLe 
one may pjace twp k/ifo ;n ^l^ '/tube GK, whic^ 
will m^ic th^ ray5 convprge fooner j apd i^en tfec^ 
mi^ be place<il a ftop i>eitween them with a hole to 
let the light thro', a{i4 cut c^ jt^e fupeiql^^fpu^ rays* 
The whcrite lenrgdi of jh/e jnaftcWne may ,bc about a 
foot and a half loiig; APd the focus pf jt;l\e filau 
CD, fix or ei^t inoKes. This ipftrume^t ai^a tt^ 
fi>lar micrafcope are both jupon jthe {suaax: ^theotyJ 

P R O B. XXIV. 

91^ make a Camera Obfcura fyr taifn^ th 4rfi^kf 
§f a country^ a tiru^, cr imy^uiidiftgj £ic\ 

Let ABCD be a woodep hQ]r, show a foot and 129; 
a half fijuare, open only on the &ic iU!) ; and 
rfgb a fmaller box about fix inches fquire, and Open 
only on the under fide gb. Tius tefier bojc is 1^ 
into a hole in the top of the great box AB, and 
made clofe and fixt there ; eopi is a plain refiQ<floj 
or looking-glafs, fixt diagonally in thefmaU bcxt^ 
with the refiedting fi^e downwards, making an a.nr 
file of 45 degrees with the perpendicular fide, or 
face, eb. There is a tube K going thro' the .fidi* 
eb of the fmall box, which fiides in and out; ia 
this tube is contained a convex lens about thr^p 
inches diameter, and focal diftance about two feet 1 
this tube ftands even with the huddle of the r^fljSfc;- 
tor ep. The focal diftancc jof the lens ought to bp 

equal to the height 9f (h^ zniddle of th?T^fiea:<tr 

Q 2 above 
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Fig. above the bottom' CD of the great box^ added t* 

129. the diftance of the faid middle point from the lens* 

On the top of the fide AD, along AL there hangs 

a curtain ; by the help of this, the box may be 

made entirely dark within. 

When this machine 'is to be ufed, it is carried 
into the fields, to the top of a hill, or foiiic high 
piece of ground, where the place, whofe draught 
is to be taken, may be feen to the beft advantage. 
Then placing it upon a table, or upon a frame 
made on purpofe ; fet it level upon its bale, and 
let it exaftly face the objeds that are to be dravrn. 
Then the draught's man is to put his head and his 
hands into the open fide AD, and draw the cur- 
tain clofe about him, that no light get in ; then 
laying a (heet of paper upon the bottom CD, and 
fattening it that it cannot move ; fee if the objects 
appear diftinft upon . the paper -, if they do not, 
move the^tube a little inward or outward, till the 
objefts do appear diftin&ly ; and then it is time 
to draw the pi6lures of the objefts within; There- 
fore having your head and hand in the box, and 
the curtain clofe drawn, run overall the lines of 
the feveral objects, as they appear on the paper, 
with a black lead pencil, or one of chark ; till 
you have gone thro* the whole. Then you may 
cither keep the draught as it is, or run the lines 
over again with ink, and then it will ttand in no 
danger of being rubbed out. Thefe inftruments 
generally take in about 45 degrees. 

This machine is on the fame principle as that ot 
darkening a 'room, and letting the light in thro' a 
'tens in the window ftiut. For here the rays flow- . 
ing {v6m «iy objed, are refraded by the lens in 
the tube K, and would paint the image of that ob- 
jeft,,in its focus ; but being refleded by the fpe- 
culum €p, direftly down to the bafe DC, they will 
there paint the image thereof, at the fame diftance^ 

from 
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from the refledtor, as it would have be^n beyond Fig. 
it, in their true fituation, and proper colours^ Here i z^ 
the lens muft not be too broad^ for then the itnagess 
will not be diftind ; nor fhould it be top narrowi;^^ 
for then they will appear datk^ And of all things 
a clear funftiiny.day muft be chofcn for this work, 
fo as to (hine on that fule of the ohje£l& that ap<^ 
pears to your view. 

Inftead of having a tube with the lens. in the fide 
of the box 5 the tube may \>e Sxt perpefidicular 
under the refleApr, ^nd.thea the rays wjill.be firft 
rcflcdcd, and thep refrafted. This.. requires a 
greater height of the bQX.5 but aU the effects will 
be the fame. . . , 

Alio infljbad of having the fide AD open, one 
may have it clofe, and n^aj* the bottoip make, a 
hole to put the hand thro' with a pencil ; and. near 
the top m^ike anodier hole. to look thro ; and there 
tl)e fide pf the box fhould be flanted pffl The: part 
where the hand goes thro% fiiould Aide back and 
forward, that the hand may move to any part of 
^epap^r. - ^ . ._ 

PR.Q B. XXV. 

To mak( a prtabkCm^d Obfcura^ to miew J^ant 

ABCD is a fquare bo^ eight inches, long, open r^o^ 
at top and on the fide AD. ALMD a.fq,uare hol- 
low fruftum of a pyramid five, in.ches lomg^ fixed 
clofc to, the fi.de AD of the bbx^ In the end of 
this pyramid LM, there Aides a tube^ KI, in which 
is fixt a broad convey lenSf . whole focus is. near the 
f nd BC. FG is a plain refle£tor or looking-glafs 
going diagonally thro' the box,, and is fet to an an- 
gle of 45 degrees. *EB is a ^lafs pjiane, having the , 
Upper fide unpoliflicd •, AH is a lid that opens up 
WAcn the machine is ufed ; this lid. has two wings^ 
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Fig. onescb fidfe, ha^^i^ fetp&^kxAiaif^ and thc^ 
ijo* reft upon the fides of the box ^rfien tlie lid is up \ 
and fbre to (hade the imaige, made in the rough 
glafs EBi from thfe light 

When this inftrument it uftd; the lid is 0|>ened^ 
^d the fide aD fet towards the objeft. Then 
d)e ray^ coming ftbm thence, are refracted by the 
lens in the tube KI, and would form liit ixt^ss^it 
upon the fide BC 5 but bcifig reflbaed i!ipWards by 
thie locdting-gl{i& FG« the^ form the image upon 
ihc glifs plane £B^ with the right ttid Uppbmioib^ 
when one faces the o\^^B:t i but th^ left Me is tA 
)tht rights and the right to the left ; whett it ttliaf 
be feen diftinftly with the eyes. If the imi^e diSktk 
not appear 4itlinSb> df^W the tube KI tfQt or in» 
gradually, till it ddel^ appear dii^na. Then tliifc 
image may be rraeed out on the glafs with k bt^^ 
lead pcndL This ojp^iiitioh i^ bfeft ^perforfetft^ 
^tn there is a fy^ong jfunlhin^ upoA the obje^. 

Or thus^ 

13 K ABCED is a cheft in fonn of a long ^W^Xk^d^ 
pidedy nine inches ¥roa<3i khd two feet long \ in 
/the end AC is a tubjp, with two convex glairs F. 
IS \ thh tube may be drawn but or put in, at plea« 
fure. H is the focus of the lens F, and FH iti 
focal diftance ;. alfo HG is fomething lefs than twice 
Qic foall diftance df thte Yen^ 0. The lenfes F, G 
ought to be pfetty broad, the diariiettir of F aboCit 
^ ; of G, ^ of a foQt. IKLM is an oiled pa- 
jper, 6r k plape glaft, parallel to the end DE, and 
whofe diftance from the leiis G h fomething more 
than twice it;s focal diftaticfc, and from the end DE^ 
iix or eight Inches. N Is a flit feg ehbUgh to Ibbk 
thro* With both, eyes. The wholfe theft is clc^e and 
dark within ; no light, ehteriiig, bdt what conies 
thro* the tut*. To ittake the 'rays 'coiivferge fooner, 
three lenfes mky be ufed. 

Then 
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Thai the tube being drcAed «o any dbjefb, Ae Fig, 
rays of light proceeding from them> will be re- 1 ji; 
fradked by the lefis F to iu fecus H^ where the 
images will be made, and fexn thence paffing thro^ 
ibe km G) will be refrafted again to their focu^ 
vpon the paper IKLM, being die conjugate fbcua 
t9 H ; ami therefore g perfon looking in at th» 
flit N, will perceive them painted upon the paper 
in their true and natural pofition. If the images 
2y>pear not diflind, draw the tube pG, in or oux» 
n& tfoey are fo. 

Scholium^ 

The pictures of external objefis ipay be made 
in a daf K room, by holding a concave fpeculum 
diredly before a ftpall ihole ip the window (hut, at 
a diftance equal poi jthjc focal diftance. For the 
foeculum will paint tihe imager upon the wiadoW; 
mm, or a paper held t^icre, btut inverted.. 

Or the pidlures of .ottefts may be made in a 
dark room with a conv^ex lens placed in tl^e window 
Ihut, or in a fky-optic ball which goes into a hole 
in the wipdow fhut; but then the images will be 
inverted. Put receiving them upon a. white apEpn^ 
and loojkinjg down at them, they appeajr ercd. 

But to have them direft, hold a jJaia refle^Slor,^ 
flantin^ froni the loyirer fide of the hole, upwards;; 
to refleia: the light upwards; and Handing wita. 
your back ta the window, you'll fee the images, 
upon the cieling, or on a paper held at a proper' 
diftance .above the r,eflefl;or, in ytheir proper fitua- 
tion. This is like :fig. 130, in this ProSenu 

Or thusy 
Maoe the refleftor in a contrary polkion ; that 
is, clofc to the lens on the upper fide, and flant- 
ing downwards-, and it will projeft the imalge& 
Upon a horizontal paper near the floor, in their 
proper fituation •> which may be feen^ by ftanding 

0^4 wita 
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ig.with the back. towards the window, for this has 
}i the famccfFeft, as fig. 129, in Prob. 24. 

Thek two laft methods are preferable in this, 
that they reprefent objcAs in their natural fituation. 
But they hayc this difadvaDtage, that they want 
light. Therefore one mull have very good glaflcs, 
a dark ro^m, and a llrong funfhine on the ob- 

je6ts. 

PROB. XXVI. 

/ 

21? make a machine to magnify a perfpSlive draught. 

J2 ' Here ABCDE is a wooden box eight inches 
* fquarc, open only at the bottom DI, L is a con- 
vex lens three or four inches diamleter, and about 
two feet* focal diftance-, this is placed in the fore- 
fide of the box CD ; alfo CIEF is a plane reflec- 
tor, fet at an angle of 45 degrees, and with the 
refle£tii)g fide downwards ; G, G, G, G, are the 
legs, the inftniment ftands on, whofe height muft 

. be fuch, that the difl:ance from the lens to the 
middle of the refleftor, and thence to the bafe, 
inufl; be equal to the focal diftance of the lens j 
P is the draught to be viewed, laid on the bafe. 

When you would view any draught or piece of 
perlpeftive, lay it flat on the bafe at P, with the 
opper end towards you, and looking into the box, 
thro* the lens L, you will fee it diftinftly, and 
magnified. ^ ' ' 

For the rays Ifluing from the draught at P, be- 
ing placed in the focus, and refledted to the lens, 
and then emerging parallel to the eyes, will repre- 
fent the objeds vaftly diftartt, and qonfequently as 
much magnified; having the very fame appear- 
ance as the natural objefts,themfelves would nave. 
Only the right hand is to the left, and the left to 
the right. 

For 
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For as tfiie draught is. turned upfide down, it Fig. 
will appear contrary in the machine; that is^ it 13^% 
will appear the right way up. If it was laid the 
right way up, the right fid^ would appear to the 
right ; but as.it is wrong way up, the right fide 
appears to the left. And therefore one cannot 
read any writing this way, unleis one can read it 
backward. 

This machine is the fame as that in %. 129, 
taking away the bo^ ABD. For as the external 
objefts give the picture thereof on this bafe CD ;• 
fo on the cpntraiy the pidrure placed there, would 
fend the rays back again to the feveral objects ; but 
4ie eye takes them before they come there, and they 
paint their images vpon the retina ; biit upfide 
down, be^ayfe the tace is turn^cd the contrary 

way. 

But inilead of legs, one may have it all clofe i33» 
iclow, the better . to conceal it ; as BH, which is 
a hollow box, cLofe below, but above having the 
fame apparatus as the lafi: ; at the bottom a dozen 
views are laid iflat upon one another at P •, which arc 
all ftiewn fucccfiively, and then drawn back, by 
the rulers O, into the part G]^ behind. EG a thin 
cloth to let the light thro* ; which .is fliut by the 
Aider BE, when the inftrument is riot ufcd. There 
niay be two or three Icnfes L, on die fide CH, for 
different people to look thro' at once; which are 
(byt up by Aiders when not ufed, 

Otberwife thus. 

ABE is a woodeh box open on the top, the fide 1 34. 
AC a foot long, or more, and almoft as broad^ 
Da concave refie6lor, 9, 10 or 12 inches broad, 
fixt perp. with its back leaning a little againfl: the 
fide BCK ; its focal difi:ance 1 2 inches, equal to the 
length AC, HG a flit in the end AE to look thro\ 
EH, FG !wo Hops or bearers, faftened to the op- 

pofite 
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Fig, pofite fides of the box, ^ainft thefe i^ pS&mw 

l|4.iirai;^ht it to fcft. 

When a pkoe of petipedUve is to be viewi, 
you muft ^e it down upon the picioes &H, F(^« 
aft low ad die flit, and with the right end upwiRib ^ 
and facing the uAeGsot ; and then leoking ia K 
At flk HG, it will appear magnified and ereft, 
but the right hand will be to the left, and the 1^ 
a the right. 

Fm fiince the print leans with the upper end to- 
wards the reftedbor^ and the fefle6tor lefli^ a Iktle 
backv the rays ifluing &om the pi3:ure wis not be 
icfleAed back i^on the pidut«, but wfli pals be* 
loW) «faro' the Ait HG, to the eye ; and die ^'- 
ture beittgr ia the focus of i^e rcAe&or^ the nefs 
siBe Yeilefbed pttralld upon ^e eye, and theieme 
it will fee the pifturc diftinftly, and very raudi 
stagnifiedw 

Or thus. 

Btt tltc btft way of all is, to place the view up* 
to a tabfe, to ttahd perpendicular againft a ;waH, 
or hang it on a pin; and then to place a lens at 
fes feca dHblnct from it ; then lookix^ thro* the 
tens, you will fee the pro^cft in its tiatunU pofi- 
tion every way ; and magnified ib as to appear like 
the natural place itfelf ; elpecially if the view be 
paintfed in its proper t:oburs, as it ought to be. 

Tb bave the profpeft to the beft advantage, the 
lens (hould not be lels than four inchi*s diameter; 
and two feet, or two feet and t fro or three inches 
focal diftance. And in order to confine the vicvr 
to your profpeft, the lens fbould be fet upright in 
tht middle of a little bogc or tube fix or eight inches 
kmg ; at the «nd of which, a flit muft be made an 
inch wide, to look thro* with both eyes, towards 
the bbjeft ; and therefore this box muft be placed 
horizontally to face it. The picture fliou^d be fo 
hrge, as'to fubtead^an angle of a 5 or ^o degrees, 
\ ' ■ at 
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at tsfac ft>cal difiance of t)«ib glift. Bat vrheh your Fig* 

{»£lutt is giTen, yoo m\x(k hk ik «ith » j^latB^ f» , 

tlmt the fisaA tii(bhd6 of itj^ hitty |f« ibtMit twice 

ifie bhanldk ef ttte ^i&ui«. A ghis fhotild never 

be <^ ftnadl il focal ctttbuwe^ tii&t the (bniteitctt 

and liisftfttr^ncs «f th« {Sbflure may tpptat. Fai 

^t txnb Qmt % diftttvcfe the j^lalk «ill itwgAiiy thelb 

«»t(^ iMd-Httdte iHeim Vifibtei abA f^ diie pio^ . 

pe^. The way to judge of i phi^ glcift fftr tmf 

fsfeBOiTti ft thi$ } idl^iv« ftt Wh«t iMahce the ^c< 

tm« B^€S th% l^ ahd fiUeft appearance to tlw 

Rfikal %)i«i ^ aMd ^il Ought t« be. the !(b<y tiifkaoi 

<lf tbit nibdk So ttan:. mM a ^ilhsl-^ pl«dhl in ttMl 

icibttt of ^v iMiii i»ill be nWignffifcd aAd Ibem m « 

-trail tdftfift:^ i y^ \^ |>ttVeht ariy bltelnifi^s or ir. 

M fl gtt l i i ili tt iA tKe dr«Mhg «o i^f^^t^ tke lefig 

si^tA » hi t^oftft by the f^mer title. A #(Ott 

gtiftfii wilt 4tQt telie ^ an the vk^ ; ^Mi a long gMl 

makes the picture have but a fmafl appearance t 

«M the ^b diflhdl dQlih|u^ thi ^ihute pM<t^. 

Ilbin^ll^htr tifbferVe, that to hav^^iiy p^rfpd^i^ 
ficMr 'zflpm exai^y fitfitU^r to th« ipktcb k t^a» 
(^\^ ^} thi lehs i^tfghe <<6-b): ^kccd in ^If 
point of view in thfe 1^, of thiet ^i&uit ^f pSifL 
f6^iv(6 !drai%ht % MKd i;<»h!l!(f(cfeh(fy the foc&l dif- 
tslHte bf tfi« t^d friMift be equta td tK« fiBhcfpi^ 
ts/f •(% ir«4 i>f dJftiflcfc) i and Vh*^ "thfes is % -^ 
ic tfe Srl«n»ed difd' ^«t :gfc^/Tt '^riH-gi'lN; the trott 
it^j^aiHtncb t»f that flhl^ in 4tft re^^», 4h i«gi»d 
. t6~ihei¥!tl^itude, Slid 'iittiilfk^ of tH^ifeveral parts. 
Afia-thVt^bfe idi «fi«<^ -^(fif^tHfH^^ -diiiughcs ought 
to be fo drawn, that tftfe "|J^iht -of View he at the 
due diilance, that is, equal to the- focal diftance of . 
the glafs proper to be ufed. The longer the focal 
diilance of the glafs is, the longer and more ex- 
tended, the place appears to be, whole perfpedive - 
you view. And the fhorter the glafs, the Ihorter 
4hd indie tontra^ted is the apparent view. Both 

thefc 
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Fig. thcfe diftort the view, the, longer glafs by making -^ 
ic too long; and the flxorter by making it too '^ 
Ihort, but. thf y do not. affeft the breadth* And 
nothing bat a^ glafs of .a juft length will make it 
appear, in its juft proportion. If a profpeftive 
draught be well taken, and then. viewed according 
to thefe rules, you'll have the exad appearance of 
the place, juft the fame a^ if you was l<K>kiog at 
ic with your naked, eyes. . 
. It may be thought^ that inftead of a tens, two 
finall gla£fes of the fame focal diftance, for the 
two eyes, may do as well. But thefe will not an<« 
fwer the fame end, as one large glafs ; beeaufe ^ 
axes of the two pencils of rays, that fali on thdfe 
two glaffes, interfed at tjie pi£lpre, and no further 
off, and there make an angle j and fo enter the eye;, 
whereas th^y ought to be parallel. And this makes 
the pidure not.appear far enough oflP, and quite 
^ils the view. 

Many other optical inilruments might be infert- 
ed, but thefe that have been here explained, are 
the principal ; and from thefe, all others of a likc^ 
l&^ture are eafily underftood> and their., effeds de^ 
monftrated by a like way of reafonii^ g. 

Likewife by the known properties of ligh^ the 
phaenomena of all forts of meteors in^y be ex« 
plained, and the reafbn . of their colours fhewn •^ 
iuch as the Rainbow^ Corona's, Halo's, Parhelia's,, 
Parafelene's, &c. But I fhall here only explain^ 
the colours and appearances of the rainbow, be^ 
caufe it is a phenomenon fb comnion, that it^ qomes 
under every bpdy's obfervation. 
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■ " ' Fig. 

P R B. XXVI. 

To explain the magnitutUy fofitiony and colours of the 

Raintew, 

The rainbow neyer appears but when it rains in 

the iun-lhine ; and is caufed by the refra6lion and 

refie6tion of the fun*s light paffing thro' the drops 

of falling rain. And it may be made artificially, 

by fpoming up water, and caufing it to fall down 

in drops, in. the fun's rays ; in thefe drops the 

colours will appear to a fpedator l^anding in a due 

pofition. And the like may be fhewn in globes of 

glafs filled with water, and placed in the fun in a 

proper pofition. 

To underftand how the.bow is made; let BNFG 135. 
be a drop of rain of a fpherical figure, C its cen* 
. ter, and let AN be one of the fun's rays incident 
upon it at N, and then refradecj to F, where let it 
either go out of the drop by refradion to V, or 
be reflefted to G \ and at G let it either go out 
by refraftion to R, or be reflefted to H ; and at 
H let it either go out by refraftion to S, or be re- 
flefted to I, &c. On the incident ray AX, and 
the refradbed one NF, let fall the perpendiculars 
CD, CE. Draw the diameter BQ^parallel to the 
■ incident ray AN. And let iw, n be the fines of 
incidence and refraftion out of air into water. 
DrawNC, CF. 

Now in the progrefs of the ray AN, thro' the 
points N, F, G, H,. &Cb it is continually change- 
ing its direction, the fame way about the circle, 
till at laft it emerges out of the drop, making 
the angle of refradion, equal to that at its inci- 
dence; for all the lines NF, FG, GH &c, are e- 
qual. Then to find the direftion in which it at laft 
emerges, produce NF to W, FG to T, GH to Y, 

&c ; 
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jFig. &c; amd then Ve muft find the fum of the angle! 

135^ XNW^ WFT, TGX &c. aod YHS, which makes 
the whole change of diretftioH) or the reiK>lution <rf* 
the ray in its froffsfy. pnrar CZ peip. t^ FG. 
Then in the quadrilateral €£FZ, the angles at ^ 
and Z are right, therefore the suigle ECZ + EFZ, 
'sz two right angles s £FZ -^ ZFW, therefore 
ECZ 1= ZFW, or ZF W =: NCF = aNCE. »ut 
# =: number of jefle£tioi») F, jS, Hy Ice* Tbm 
iince all the external angles at F, G, U sit eiqual, 
the fumof themall is = / X ZFW = a/x IfCp, 
to wnidi add XNF + YHS or aKHF, fmd the 
Aun is 2/ X NCE + 2XNF, Ibrihe jwihole change 
4)f direftion of the ray. But XNF = XNC-rr 
ENC, and NC^ =: p. — CNE (puttaog Rzzsl 
right angle), there fore the whole change ^f direc- 
tion is = 2/R — 2/ + 2X CNE -i- ftCNX, or 

twice the quantity /R — ; + i X GNE -j- CNX. 
And this being known, it is eafy to fipd the an^c 
the emerging ray makes with ^he incident rav f^ 
pr BQ. This is true of ^ny ray whatfoever, byjt 
to our purpofe there, is byt one -pofition.pf the in- 
cident ray AN, which will brin^ the cplows, 2fid 
this is next to be found. 

Let AN be an incident ray of any colwr, and. 
jet it emerge at H, defcriJbingjthc tir^^ AHj^ 
Now that the rays of fifty (jbloufj^merging ^t H,, 
jnay affeft the fehfe ftrongly, they ought to emcrjge 
parallel, for if they emerge and fall typon ^he eye, 
in different ^redions,. they mix with other rays of a- 
different colour, and cannot appear /ciuiaje. Ana 
there wiU be fo few rays of that colour in any oiic 
jdiFeftipn, that they cannot excite any fcnfatipn. And 
iince to excite a ftrong fenfation, the rays of any 
one colour ought to emerge parallel, and as they 
iwe aljfo parallel at their incidence 1^ therefore we 
muft find what pofition, or what angle of incidence, 
the ray AN muft have, that all the rays of that 

colour, 
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o»Ww> ittncrgiiig at a (midl diftance firom M, m^ Fig. 
be aH parallel to HS. . Now this can on ly be when 135* 

the fum of all the angles 2/R — 2^ + 2 xCNE + 
2CNX is a maximum or minimum. For by the 
liatiir^ of a maximum or mmimpm^ fuch a quan- 
tity remaios the fame for a fnull variadan i^f the 
arch BN, Now we may obfcrre, that when the 
arch BN is very fmall, the arch FQ is very finall ; 
and as BN grows greater, QF grows greater, and 
BF lefler i and when BN approaches a quadrant, 
QF grows leis again, and t^ bigger. So that BF 
fim deci^afes to a certain limit, and then increafei 
ag^, and at that li mit it i s at k$ minimum. But 

the quantity 2/R— 2^+2 xCNE + 2CNX de- 
pend much upon the fituation of F, and therc^ 
fore will be at its minimum when the rays at H 
emerge parallel. Now fince 2/R is given, 2/R — 

2/ 4. 2 y CN E + 2CNX, will be at is minimum 

whea 2/^ 2 xCNE^— tCNX is a nM*imwin, or 

when 1 + I X CNE — CNX is a qiaxim um> But 

(by ProK^3. Seft. VII. Alg ebraJ / + x x CNE— 

CNX is a maximum, when / -f j X incjement of 
CNE = incren^ent of CNX. 

l-et^=CD or NM the line of incidence 5 CN = 1 •, 
^9 n die fines pf incidence iiad refraction, and take 
N» a very fmall increment ' or decrement of BN, 
and drawing no parallel to AN, N« will be the in- 
crement or decrement of MN j then — 4r 2= CE 

m 

^fine of rcfraftion, and its increment =^xN#* 

m 

And by die nature of the circle, cofine (v/i— ^) 

N^ 
•' radius (i) : : N^ : Nn = — r=a=-, the increment 

«fBNor<CND. AifocofmeCv/t— -2^V : ra- 

mm ) 

dius 
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Fig. dim (t) : : increment of the fine of itfhiaiofl 
^35' /» X N.) : ^l!l: , the mcitment of the 


fnm 

arch or angle of rcfraaion CNE. Thetefore 


then 


MM 

pn ^ 


y " ^ — ■ . ' ■ ■ » and /* X v/^f..^ 

== v/w/» — »»)!y ; and fquaring, fpnn-^ppnnjy r: 
mm — nnff\ and reducing, ppmtfy-^nnyyz^.ppnff^ 

mm ; and y zz \ /^^ ~ ^ , And^ being known, 

fp—i.nn 
the angles CND and CNE are known, and conle- 
quently the quantity of the angle of deviation of 
the ray, 2/R-r-p X CNE + 2CNX. And the an- 
gle in which HS cuts the incident ray AN or B(i 
will be known-, for if the deviadon be 180 de- 
grees, the incident and emergent rays will coincide, 
and the emergent ray will return back to the fun. 

Since y depends upon the quantities of m and n^ 
it is evident that the rays of different colours, ha- 
ving a different degree of refrangibility, will have 
different limits of BN, and will emerge parallel in 
different points H, and will cut BQ^at different an- 
gles. And thefe feveral Ibrts of rays being fepara- 
ted from one another, will appear each in their 
proper colours. 

For the firft rainbow ; if light jpafles out of air 
into water, m and » (by Schol. Prop. II. B. HI.) 
will be 108 and 81 for the leail refrangible rays, 
or the red; and 109 and 81 for the moft refran- 
gible rays, or the violet. And therefore in this 
bow, where m rs 108, p zz2^ y comes out zz 
86036 =: S. s^ 22 =: CNX, and CNE =: 40 n- 
And 2R— 4 CNE + 2CNX = 137 58, and this 

. or 
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or its fupplement 42 2. is the angle the emergent Fig, 
ray makes with the incident ray for the red. * And 155.' 
in likie maAner wJien.w =: 109, the angle which 
the emergent ray makes with the incident ray, will * 
be found 40 1 7, for the violet. 

Again in the fecond bow where ^ = 3, w rz loS^ 
we maHSndy = 95015 = S. 71 50 = CNX, and 
CNE = 45 27; and 4R — 6CNE -4- aCNX = ; 
230 57 which* .exceeds 180 by 50 57, the angle 
made with the incident ray, for the red. And ^ 
when m/zz 109, the angle the violet emergent 
ray makes with the incident ray will be 54 7. 

Now fuppofe .0 to be the eye of the fpeftator, 1364 

iand OP a line drawn thro* the fun and the eye. 

And let the angles POE = 40 17, POF = 42 2^ 

POG = 50 syy and POH = 54 7. And let thefc 

angles be turned about their. common fide OPi 

then fhall the other fides OE, OF, OG, OH^ def- 

«ribc the cxireme arches of two rainbows AFBE^- 

and. CHDG. For if E, E, G, H be drops of; 

water, placed any where in the conical fur£eices def-* 

cribed.by OE, OF, OG, OH, and be illuminated 

by the, fun's rays SE, SF, SG, SH j the angle 

SEO or POE of 40 17 will be the grcatcft angle; 

in which the violet rays will after one reflexion be 

refra6tcd to the eye ; and therefore all the drops; in- 

the line OE, fli'4ll fend the moft refrangible rayj« 

moft copioufly to the eye, and thereby ftrike the 

fenfcs with the deepcft violet colour. And in like. 

tt^anner the angle SFO or POF of 42 2, will be 

;he greateft angle under which the red rays cam,. 

emerge out of the drops, and therefore will come 

moft copioufly to the eye and flxike the fenfes with 

that colour. And the rays that have intermediate 

degrees of refrangibility, fhall come mofl: copioufly 

from drops between E and F, and ftrike the fenfes 

]vith the intermediate colours •, that is, from th« 

iflfide to the outfide of the bow, the colours will 

. K appear 
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Fig. appear in the order violet,, indigo, blue, greeiv 

i.35.ycUow, orange, red. 

Again tn the fecond bow, the angle SGO^ car 
PO)G of 50 57 {hall be the lead angle undo- whjci|> 
the red rays, after two reflexions cap enfierge out of 
the drops, and come moft copioufly in the line 
OG, and ftrike the fenfe with that colour;. Anif 
the angle SHO or POH of 54 7 fhali be the letift 
angle in which the violet rays ^^r two refie^oi^a^ 
can emerge out of the drops, and therefore duef! 
will come moll copioufly to the eye } and ftf&e thir 
fenfe with that colour. And by the fame afigu*^ 
ment the drops between G and H, ihall ftrike tiie 
fenfe with the intermediate colours -, therefom fr€x» 
the infide to the outfide of the bow, the colours wift 
appear in this order, red, orange, yeltow,^ ^i^stM^ 
;blue, indigo, violet. And fince thefe four linc^ 
OE, OF, OG, OH, may be fituated any wlKtre m 
the conical fuperficies, what is find o£ tl» dMpsp 
and colours in thefe lines, is to be underftoodl of 
the drops and colours every where in thofe iiirfac6&; 
But the fecond bow, by rcaibn of the light lofl: 
by two reflexions does not always appear, .and is 
always fainter than the firft. 

Thefe would be the angles if the fun was but 
' a point, but from his apparent diameter, the 
breadth of the bows will be increafed half a de- 
gree, whence the breadth of the inner bow will be: 
2 1 5, and of the outer one 3 40 ; and their dif- 
tance 8 25 ; the radii of the inr^r bow 40 a andi 
42 1 7, of the outer one 50 42 and 54 22 5 and. 
tiiis appears to be fo by obfervation, when their 
colours arc ftrong and lively. 

J 25 * It may be obfcrved, that all the rays but the vio- 
let in the line SE, will emerge from E in a greater 
angle than SEO made by the violet, and will there- 
fore all pafs below the eye : and all the rays buLtfae 
. red, in the line SF, will emerge from E in a Icffer an* 
gle than SFO made by the red, and will therefore 

pafi 
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pais above the eye; bjr >«i^I» means^ only red win ^ip- Fig. 
pear ith the line OF, and duly vic^ in the lint OE. 13^ 

Th«7 tk^ hfl^e a mind t& meafore the hew^ ma|f , 
obleive thaiL itii r^m k tis^mX ta the height of the 
bow and tile height of the von together ; and thete-» 
fore is eafily ifK^ared with a qtiadraftt. A<nd if the 
ikA^s aMtifd% be ^eate^ diaii 42 17, the inner bow 
cannot be fcen ; nor the exterior one,, if his altit¥Kto 
exceed 54 i^t.' 

In the thxi^ and Ibwth rainbows > is •9;^37) and I25« 
,9S3 66 refpeftiveiyi and CNX =5 76 50 and 79 3^** 
Whence 2/R 4- 2CNX — 2/x€NE = g h9 20, awj 
4D0 31 refpedlively^ putting f» and » as 4 ^ 3 fer 
the red rays. Anc^twrefbre in thfe 3d rainbow, the 
tmergbg ray cuts the int:ident r^ at an angle of 41 ^ 
40 ; and in the 4th, at an anglem 40 3 1, both mov^ 
ing £rom the £in. And therefore looking tcfwarda 
ite funv the led rays in thefe rainbows would appear 
at tiKfdiitiBnceftomhimof 41 40 and 40 31 x:e:^pec« 
tsmly^ and nearly coincidii^* And in the 3d the 
yideri*oiiId be towards tkt fun ; but in the fourth 
the violet is from the fun. But their l%hc is weal&» 
ened fo by reiksion^ that they neirer appeal^. 

C©r. V. 3fbe angU sf refoolutim a/R + 2 CNX — 
afxCNE will come toiislimtwhm ND is ^ NC : r 

«^ V^«r;;i — ni$ to \^fp — i>a««. -and ND « /^ NE 
\: as fn to pt. 
For ND*=«-*j!y = r ^P^nn-mm ^nm^n^ 

pp-^i.im j)^— r.«» 

^£l£&. Therefore ND ; NG :: 7S^ 
fp'^i.mm ^ pp — i.nn 

• ^ • -\^nim~nn : ^/pp-^i.m. Alfo N0 : NE : : 
/^«^»» , fppm m—ppnn . , /i , /)>? . . 

I p 
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Figv - toff . i. When the angk of ■revolution (or change of 
jigdk direSipn) of the , emerging ray differs not much from 
' a femieircle or any odd number of femicircles ; one muft 
Jopk f$,r the lofuU towards the fiitfs oppqfition. Bui 
when it. differs not much from a circle or any numher , 
^f circlesi^ one muft look towards the fun for the bow. 
5' bus tbefirft and feconi bows arefeenoppofite to tht 
fun^ and fbe third a^ fourth towards it. 

For if the revolution be a femieircle, or 3, 5, y, 
' &c. femicircles, the direftion of the ray is towards 
the fun ; ancj therefore, that it m^y enter the eye^ 
one muft look the contrary way. But if the rcvo-^ 
Jution be i* 2* 3 &g. whole circles, the ray moves, 
diredly from the fun, and therefore to receive it 
into the eye, one muft look to^vards the fun ; for 
the face muft be fet againft the motion of the ray. 

Con 3* If the angle of revolution &dlsJbort of a 
femieircle or any number of femicircles ^ the violet co^ 
lour will be on the infide the bow* But if it exceed, 
tbem^ the violet wll be on the ou0de* . Thus, in the 
fir ft and third b&ivs^ the violet is within \ and in the 
fecond and fourth^ v)ithout. 

For the violet rays by a greater refradtion, make, 
$1 greater revolution than the red ; and therefore 
when the revolution angle falls Ihort, the violet ray. 
will come nearer a femieircle, and make a lefs an- 
gle with the incident ray •, and therefore will *bi* 
neareft the center of the bow. But the contrary 
will happen ' when the revolution -is greater than 
a femieircle, for then the violet recedes farther off, 
and makes a greater angle with the incident ray % 
and fo it will be fuf^heft from the center of the 
bow. Thus in the jfirft bow the violet is within, in. 
the fecond without, in the third within, and in the 
fourth without. But after 3 or 4 reflexions the- 
light is fo weak as not to afFedt the fenfes j and fo 
the third and fourth bow^j^ and thofe that .follow, 
never appear-, and therefore I fhall fay no more. 
about them. • . ' - 
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Art of drawing the Reprefentations of 
all Objects upon a Plane. 

In TWO SECTIONS. 

Se c T. I. Demonftrates the Principles where- 
on this Art is founded. 

I 



Sect. IL Gives the practical Rules for 
Operation ; with great Variety of Exam-* 
plcs» 
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PREFACE. 


crHE Art of Perfpcdbive is properly a branch of 

Optics ; for it depends on this optic principle^ that 

K (ill the rays of light flowing from the feveral parts of , 

^ an objeSty move in right lines to the eye. And there- 

^fore the images of thefe parts muft be fomewhere in 

^ thefe vifual rays ; and confequently muft be whefe 

*) thefe lines inter fell the piSfure* PerfpeSive is a kind 

^ ^f projeHion^ for here the piSure being placed at a 

convenient diftance between the eye and the objeSly 

{or it may as eajily be placed beyond the obje£l \) the 

eye projeSs the feveral points^ and part s^ of the body ^ 

upon that pi3ure, by lines drawn from the eye to the 

parts of the body ; and that by certain rules^ which ate 

to be explained in this book. 

PerfpeSive is an art abfolutely neceffary to be un- 
derftood by all thofe that praSice drawing. From 
. ^ this it derives all its beauty andjuftnefs. It is alfo of 
great ufe in ArchittSlure^ Fortification^ Engravings 
. Carvingj and all the mechanical arts \ andparticular- 
ly in Painting. It is of admirable ufe for defcribing 
the figures of folids^ or of any buildings^ and of all 
forts of machines. An artift cannot put his defign into 
execution without this ; for all neat and curious draw* 
ing fignifies nothing without it, if the defign is not 
executed according to the rules of this art. By thiSy 
the figures and fhapes of all natural objeSis may be /- 
mitated to the life^ ^ which no other art can equal. By 

A 2 this 
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this are contrived thofe deceptions in vifion^ which fs 
agreeably delight and pleafe the eye. 

I took notice in thi Optics bow dcUgbtfiii a ftuiy 
that is ; hut the great eft Jhare of that pleafure belongs 
to Perfpe Stive. For y;h at greater pleafure can one en^ 
joy by the eye^ than to fee a grand building- a large 
country y or great city, fo truly drawn and finely co- 
loured, which being place$ af a due difiance, fball ap-- 
pear /^, th^ eyf in i$s true proportions, and in all its 
pomp and beauty, even to vie with Nature itfelf\ and 
even to out-do it in foine cafes. For if it be drawn 
jnfummer, with all th beauty of flowers, and ver^ 
dure of leaves \ fucb a draught looked at in winter 
will appear gay \ whilft the place it f elf, now deftitute 
$if all thefe beauties and natural colourings, gives bui 
a difagreeable profpelt ? Can it fail to pleafe ^ud 
fharm the beholder to fee a whole country have the ve- 
ry fame appearance, and the fame beauty^ as the place 
it ^as drawn for^ wd even of the fa^ magnitude 
when feen thi o' a kns at- a due diftance. And if it 
be a place one k^^-j^s, hhw agreeably one is furprixed 
to find himfdf in it. JVba would not heftruck at fo 
agreeable a delujion ? 

Hence it has been ohjeHed by fofne, that this arf 
does not fhew us truth, but deceives us withfalfe apr 
pearances •, alledging^ that, nothing appears to tts as it 
really is^ but in a quite different form. It is true, if 
^e regard the pi£lure itfelf as an objeS, which is a 
piece of paper, being nothing but a plane furf ace per- 
pendicular to the horizon, with fever al lines and co-- 
tourings laid on it \ then it gives us a falfe appearance 
of itfelf. ftut nobody that draws a piSure, ever in^ 
tends that itfbouldreprefent itfelf, and therefore thisob^ 
jetton will be nothing to the purpofe. For the piSure 
is always defigned to reprefent a thing that is out of 
the piSiure ; and therefore if the piciure truly repre- 
fmts that thing, then it fhews us truth. And tf it 
does not in all refpeSs, reprefent it truly ; thenfo far 

as 


Tha P R E T A C E. « 

V 

di ibatffAli^ it dots mt reprefmi the fbing tktendedi 
but fqmethifi^ elfe ; and thtn indeed it foews usfalfi 
hood. So that if the piSlure is truly drawn, it Jhewi 
frnth ; hut it never pews faybmdj but when it is 
falfefy ^awH. 

As (be art of paimii^ hut atwsys hen in great €j^ 
fiem^ therefore we need not wondct that men of in^ 
Belieiff talents, have taken ^reat fains in perfeSting 
that art. But t^thdut the knowledge of PerfpeSlivei 
thai art will always he deficient and imperfeSt j and 
therefore every pmnter that is ignorant of PerfpeSlive 
will meavoidaify rttfr inta errors. PerfpeSive then i§ 
the tonfpf eating of the art of paintings without which 
no painting can btperfeSi. And therefore no perfdft 
fhould engage in the art df paintings mept he refolve. 
to tnake himfelf dcquaif^ed iMihthe ruhs of Perf-^ 
foSiitH. 

"The incentive part of fainting^ is nothing hut Ihi 
original de^n^ contrived in the' imagination of thi 
artift % but the ekeentit/e part h wholfy tied to th& 
fuies of art^ which mufi not br tranfgrejfed upon anf 
account, ^hetefm he that dkfigns to be a painter ^^ 
Uufi firfb of all learn PerfpfStive ; and when he hat 
dtfne this^ ami informed l^s Judgment what alteration^ 
happen to figures^ when dfa^n upon a pland-^ h& 
if^ht then to be put to draming by fight ^ and &xer-' 
c^e himfelf iit this along with PerfpeSfive, till he be- 
. c^fkes ftiffinentfy perfeff in b6th. Nothing ought t& be' 
more familiar to a palter than Perfpedtive^ for it is 
the onfy thin^ that can make the judgment co¥reft % 
and will help tbe fancy to indent with ten times mdr^ 
eafe^ than it could do without it. 

ret it is not necejjary'or even pojftble^ that thefiriSl 
rules of PerfpeEtivefhould be applied to the drawing « 
every minute part of a body. For there would befuch 
a confufion of lines ^ and their int erf e£f ions would be fo 
near 4ogether^ that no exa^nefs could be expeSledfrom 
thence j fuch parts as thefe ought to be drawn by the ^ 

ey^. 
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eye. Nevertbelefsy the rules of PerfpeSlive mufi di- 
te£l ones judgment^ and be a guide to bis eye^ boiii 
they are to be drawn. 

In the firji feSiion of this book^ I have laid down 
the fundamental propofitions on which the practical 
part of PerfpeSi^e is founded '^ and given their de- 
tnonfirationSj that their truth and certainty may ap- 
pear. ^And in the fecond feSion^ I have given all the 
rules ofpra£lice^ for performng the fever al operations y 
in drawing any points^ lines or folids in PerfpeSiive. 
And have given thereafons and demonfirations of theje 
rules ^ exceeding fhort \ being eajily deduced from the 
propofitions in the firft feSion. And have alfo given 
great plenty of examples to illujirate the ruks^ and /a 
f^fisfy fuch as have a great defire for obtaining the 
arts of drawing and painting. And by frequent ufe 
and praSice fever al compendious methods of working 
will occur of themfelves to every praSitioner.. AM 
this is principally for upright piSureSy the only fort 
that are ufeful. For as to inclined piilureSj they re- 
quire more lines and more labour ; and no objeS drawn 
in them ever appears fo well as in an upright piSure \ 
fo that they are nothing but a piece of curiojity. Tet 
leaji it fhould happen that any objeS requires to be 
drawn upon an oblique plane^ which cannot be put inta 
aiTf other pofition \ I have alfo Jhewn the properties ^f 
tbefe pi£lureSy and the methods of drawing upon themy 
in a general way^ with fever al examples thereto^ 
which will make the method very plain and clear ^ 
to any body, that is dejirous to know bow to dram 
upon this kind of pictures. 
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ERRATA in the OPTICS. 
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C/xx 
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thro' the lens B, 

microfcope* which is fhorter. ' Where 

focus of AB. 


ERRATA in the PERSPECTIVE, 

In the Plates. 

For / put /. 

The pricked lines 41, iS, and fome others wanting* 
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PERSPECTIVE. 


PEFINITIONS. 

D E F. I. 

p fi R 5 ? £ C rir £ ik the art of reprefentiijg 
any objeft. upon a plane; juft as it appears to 
, th6 eye, in ' any given fituatioh. When the plane 
is perpendicular to the horizon, it is called common 
PirfpeSive. When the eye is infinitely diftant from 
that plane, it is called military Perfpeliive, 

D E F. II. 

The Piffure is that plane upon which the objedt i; 
Js reprefentcd, as ABCD -, which is perpendicular to 
the horizon; -and is fuppofed as tranfparent as glafs. 
This is alfo called the Table^ or perfpeSive Plane. 

DBF* IIL , 

The geometrical Plane is a plane parallel to the 
horizon, in which the vifible obje6ts are fituated ^s» 
FGHl. And tlit Jitudfion ,oi any point of an objeft, 
is. where a perpendicular from that point, cuts this 
plane. 

A E F. IV. 

The borizimtal Plane is a* plane padlng thro* the 
eye, parallel to the horizon, as KLMN ; or rather - 
in the horizon; Therefore this is parallel to the 
geometrical plane, and perpendicular to the pi£ture« 

D E F- V. 

The vertical Plane is a plane pafling thro* the 
eye, perpendicular to the pidture, and to the hori* 
zon, as OFQR. 

. . B DEF. 


1. 


a P E R S P E f T I V E. 

E|g. ^ D E F. VL 

The Mre&ing Plane is a ptanc paffing duo* the 
eye, parallel tothc pidure^ as ICnHI: And its 
intectoftion 11^ ^ith ^ gfi^tt^csl jglfne, is die 
lijw ijf Bcfremes. 

D E F. VII. ' 

.... , . « 

Thc|r^««fi L/w, is the fedion of thepi6bire^ 
and die geomettical l^latfe,^ as^DC. It is alto called 
}}it Bafe LinCj or fufdamfiftql IJ^. 

P E R V][iJ. 

The imzfintal Line is the infcrfiajcgi .tf tht 
pifture, and the hom<i^tal.plane^ i^ *f VT' ^neacc 
this is parallel to ,diisj^^^r\d W. It is alio .qjkd 
the vflmHtfl tin^' 'But ijp j^ geivMja^ Tot tie j^-a- 
nifibtnglJne<>( any plane, is the teftigp pf ite pa- 
rallel plane draWn thfo* the .eye, with the pifture. 

P ElF. IX. 

• ' »•• - . . 

T^t principal BUiy^ is ja liqe drawn $gm thc^yc^ 
pe^endiGular to the pidwe, as ES, therefore 
t^? lies in the horizon^ plane. " 

The Vne of Staimy is the ftflton C(F the verti- 
eal plane with the geometrical pl^ioe, a^ RQL 

D E F- XI. 

The Imu cf Bifiance is that part pf the line of 
ftation, contained between the diredbing plane, ^ 
the pifture ; as RX. Hence the line of diftanqe is 
paraUeland^ual to the principal r>ay. 

D EF. XII. 
The vertical line is the line in which ^ die vera* 
cal plane cuts the pifture ; as SX. 

D E F. X«I. 

The Higbt of the Eye is a perpendicmlar paffir^ 

from the eye to the geooietric^al plane, as ER. ThM 

is equal and parallel to the vertical line. 

DEF. 
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^* F. *IT. r%» 

fixed, as H. ^ 

<D JE F. XVi. 

iSi»Jf^m.^ S^cis the pomt^vhctsettfae brin* 
/iQipal4»7 outsK^tbe ptAuar, oil SL Xhejreioet mis is 
in die horizontal and vertical lines. c|tia ^lib cril* 
cd the principal Pj^ , qv.Qentw of the Piffure. 

i>iEiF, SWL 

' TAe iP^Ms/ ff pi^OMte : is a;poiat ^ j»i tfae.horizon- 

ctsliiifse, ishofe di^cet&om ^Ae pc^t ^f ^gbt is 

equal to the principal ray, as ^7 or .T i ^^fuppofimr 

VS or TS, equal lai E]*. ;Yr^-& 

b E F. XVIL 

a"hc scdientalBrint. a£ a xiglit line- »rfie point; 
««Khsre a line, drawn thro' the eye, parallel to the 
-iiae. p yip p Qftd, jCjCils the piftiiire* Thh. is.aHb (^« 
ed the vanijhing Point. . :J-!ence aU lines parallel to 
^cme jaoMber^ I^reLlihc!: itso^ ^ocidcmsl ippipt. And 
.tHk 1 tones pcgp. to : tibe piftiaix^, haw the * point qF 
fight for their accidental point. And jjll fines, pa- 
rallel to the pifture have -no accidental point. 

D E F. XVIII. 

Tiw,aP//wr.i^ theprojeaion crfan ol^eft upcft 
dsK: ge«imc*rical plaoc, by liiiesdiawnfijomdl points 
of the cis%t&.^ 'pc«T9&n^cwbH* to . that|>faile^ This 
is alfo called the Icbnography of the objedt, , or the 

' " it. 

D E F. XIX. 

The Frmi is the &)i:e.viei»f of .an Ql^ei9t,:^r the 
fcftjon of it parallel to the pifture.;; or it js ibt 
proje&ion of it upon a pbme parallel to the pifture* 

D E F.^ XX. 

-'Hie iV^/ is the fide y tew, orfeftrontrfan o!^• 
jeflr, parallel to the vertical plane. It is taken for 
liie^pearance of ai^ fide. 
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Ffg. D E F. XXI. 

ii. Schmograpbj is the reprefenting folids, or fuch 
objefts as are elevated in the ain 

D E f: xxii. 

- The optic Cone is the cofie of rays proceeding 
from the eye to all the points of an ol^ed, and 
^rutting the pifture. 

S c H o ij I u M. 

In general, the things to tie drawn, are called 
Ohjeds or Originals ^ and their piftures 'v^hen- drawn, 
are called Reprefentations^ AppearanceSy FigurtSy 
ImageSy or ProjeSions. . 

AXIOMS- 
I. 

The appearance ' or reprefentation of any point 
of an objedt, is where the right line, drawn from 
the eye to that point of the obje£t, cvtts the pi&ure, 

2» • • • 

If any part of an objeft touches the pifture; its 
appearance will be in that part of the pidure which 
•it, touches, ' 

All parts of objefts lawer than the eye, or be- 
. low the horizontal plane, will be reprefented be- 
low the horizontal line, in the pifture : and thofe 
, that arc higher, will be reprefented above it. 

All objefts on the right hand of the vertical 
. plane, will be reprefented on the right hand of the 
vertical line-, and thofe on the lett hand, on the 
left fide of it. ^ > 

5* 

If a right line in the objeft pafles thro* the eye, 

it will be reprefented in the pifture by a fingle podnt. 

6. • . . . ' 

Any plane (in the objeft) palling, thro' the cyc^ 
inU appear only a right line in the pifture. 

SECT. 




. Fig: 

S E C T. I. 

Tie futidammtal 'Principles, of Perspec- 
tive. 


PROP. I. , , 

JH miUtary perjpeaive^ lines thai are parallel in * 

■- the objeSly are reprefekted by parallel lines in^ tbe^ 

fiBure. . Andibey are Jbortened in tbepiBure^ in the 

ratio of the radius to the fine cf inclination of the - 

vifualrajfs. 

'• - ■ . 

For let there be two parallel lines in any objedl: ^ , 

and fuppofe two planes to pais thra' thefetwa 
lines and the eye. Now fince the eye is fuppofed 
iiAiitcly d^nt, m this fort of perfpeftive ^ there- 
fore thde planes, which only interfedb at an infinite . 
diftance, may be looke4 upon as parallel. But 
(Geom. V. ii.) if two parallel planes be cut by 
a third ; their common Icfliions arc parallel.' Aid 
therefore the two planes cvt the pidure in two pa<^' 
rallel lines •, wMch reprefent the two parallel lines . . 
in the objeft. And it is equally the feme if there 
i$ never lo many of thef^ fnralkl Hnei. :^ Add it 19 
evident that their lengths are diminiChed in the ra-^ 
tio of radius to the fine of obliquity. 

Cor, I. If tbe eye he at a great diftancey lines^ 
that are parallel in tbe objeSf^ are reprefent ed hy linex 
nearly pardllelin tbe pi&ure. . 

Cor. z. Vifual nys from the eye^ cut aU parallels^ 
and all parts of tbem^ at tbe fame angle. 

Tho^ follows from the' parallelifm^ both'of the 
rays and tbe lines. 

Cor« 3* Eiual parallel lines ha^o their images equal. 
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• «... 

^bicb paffes not thro^ tb$ tfty is reprefentcd fy a 
right Une in the piSure^ * ^ 

Let GET be the right line', E the eye ; diawEG, 
EH, cutting the piAure m ^ ahd* ; thcn^ and b^ 
rc|irH6nt riie pjoihtsv G* aiid' H (%' Ax; r.^ MA 
thti^ all the p^ht9 betWeen> G\ m/Si^l^zxe^xei^&dS^x^' 
ed by right Uitesdmv^ fhrnrthenoe tx> B; andv^< 
th/6fe lines are in the pkriq EGM. And fihc^tii^ 
plane interfefts the plane AC in the righr lk»^ W^ 
(Geom. B. V. Prop. 3.) therefore all the' points in 
Gfif ^e rt^lfeftntfed by ril«A<4^pbihts iH^,- 
righ« liHe GI^ by ttojf ri^t' Mhfc^i&i 


P JK O F. ftr. 


iko^mi^ 


fefO^ationin tht j^ure^ mU b^fkaraiMi mibtttf^^ 
Urn, 

For let GH be a line parallel to the pifitttt^ 
aiKifuppofe ^ pl«ne to pali thro*- itf luiniiel to-th^ 
pifture, then thi^ pl^e EGH being oJt by Ae*ttvo 
parallel planes pH, and AC-, the feftions GH,^ 
gBvAMbc parallel (by Pr'dp.XL B,^. Geometry.) 

• Cor. 1. If a rigbt Une^ H ji»aB$l^ to tbt ground' 
line ; its appearance in the $iSure mil bt parallel to 
tbegrmnd^ie. 

€oh 2; ^ « rigbi Uiteh fariM to tBt> virtitat 
line i its appearance in tbepiSUre tMbe f»fiMiU$t^ 
MrftbtieigromdSKi 

, ' . ■ Cor. 
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its figure cr appearance mtile piihu^VftUni^h the 
fame angle with tkf groftnd line. - 

C«..4,, If Pm Hnisp^a^ltff tpe:pi3iare^ inter- 
fiSf I their repfefenfatiom iff tl^.fiJS^reiwill make tke 
fame angle^ a$ the criginal lines. 

For each of them makes the fame angle as its 
6i9gj|Q^{; aod i^€^c»:e the di^^ences of each .two 
zxp^m^^r. that; is, ^e angles^ which the qrig^^ 
Mdttheifj^prc^fitij^iin^ arccJ9^jd, 

C8i^. 5. A^tlitfa things' hoUgeol, Men thepiffure 
isiH^fi^tdthe'hofi^h,: 

^%,;^re6f appearance of atff right fine in. the 
figure J tends to the accidental point of that line. 

* , ■ . ' • • • 

IjSfkQMr Ije- ther cxrigirH^; lin?, jpt itj& figwe pr %. 

tt^I«^%pQ in^ the pi^feajre^ P thp> ^cijdenml poir^t 

of it, E the eye. Then (Def. 17.) finqe 5? wd 

i^ aM {>MaU^;: BF ^. KB5:.ai«^ ift th^ Ibne 

plane, which plane pafTes thro' £ and P. Li^« 

i^e (Cor. Prop. 11.) gb is in the glane EGHT; 

lh(AN!KH^ aSi* tl* points^ F^ ^, ifr a#e m one pikne, 

^»M»Ii^^felfif^i»«reS^ Axi pi6tuit ift the line P^* j 

therefore ^i& proceed, paffes thro' P; 

e»> i. "fmy^r^amtis of all lines paraUel to 
e^;^ dd^ailm^rMtBe i^cideptal,pdifft^^P^ 

Qfl*. ^ TIftt a$pemm<*s of all. Umip^fm^uhfr 

to the pi^ure^ t^ to the point of fights 

(Tor. 3. ^hi dpjkdrdnces ofdllUheSy in or paraj^ 
kftQy the ffprn^trical plofie^ making an angle of 45 de^ * 
griH mth the ^mi" line of' pmum tend' td the ^ 
foinf (^ dtjiance on that fide. : 

^ * B 4 Cor^ 


t V^'E R S^r E V T I V E, 

Fig. Cor. 4. The appearance ofarigH lirit^ gaffes both 

3. ibro* the accidental pointy andibrtf the point where 
the original cuts the piSure^ / . . 

P R O P. V. 

j?f two equal right lines he paraUel to^ oHd equidif- 
tatit fromy the piSure y their reprefentations will be 

equal. . - 

4. llet the lines GH, Kf, be equals arid both pa- 
rallel t6 the pidure AC,'and at equal diftances 
from it J* and ghi ki their reprelentations. Draw 
HI and hi E is the eye. . Then by reafon of the 
parallel planes GHIK and AC, the triangles EGH, 
egh ; .alfo EHI, ebi ; and EIK, Eiky are fimilar 

• each to each. Therefore, GH ygb : : EH :Eb:: 
HI : hi'. : EI i Ei : : IK : ik. Byt GH = IK, 
therefore |;i& zzik.' 

Cor. I* If feveral lines are parallel to^ and e^ui- 
' d^fiani frdmy the piSfure ; ibeir reprefentations will 
be to me another y in the Jame proportion as the ori- 
ginal lines. 

For we have GH : gh : : IK : ik 5 or GH : IK : : 
gh : ik. : . ' 

Cor. «. If a right line parallel to the pi^ure^ be 
di'dided into equal parts y the images /or reprefentations 
ef thefe feveral ^arts^ will be equaL 

Cor. 3. Two equal right lines proceeding from one , 
pointy and both parallel to the piilure^ will have their 
appearances equal in the pitlure. And the angle thef 
make in the piSurCy will be e^Udl to the angle made by 
the originals. . . . - 

For the reprefentations are parallel to the origi- 
nals, by Prop. III. ; : ' 

Cor. 4. All thefe things hold equally for an inclin* 
edpiilure. 

PROP. 
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prop! VI. ^^^' 

If a tircU be parallel to the fiSure^ Us figure in 
the pHure will be a circle^ in anj fort of frojeSion. 

Let E be the eye, BD the circle. Then fince $• 
the optic cone EBD, is cut by the plane of the pic- 
ture AC, parallel to the bafe of the cone, there- 
fore (by Cor. ProD. LXXXIX, B. I. Conic Sec- 
tions) the fcftion bd will be a circle. 

* . - •- - » - • ^ 

Cor. I. If a circle be fo placedy that the optic 
cone, be cut by tbepWure^ fo that the angles, on op^ 
pqfite fides may be equals which are made by the pic-^ 
ture and by the bafe\ then dlfo the appearance in the 
picture wilt be a circle.' 

For then it is cut in fub-cdntrary jioOtion ; and 
therefore (by the fame Prop.) the feAion is a circle. 

Cor. 2. In other cafes when a circle is not parallel 
to the piSur^e ; its appearance is aii eUipfis ; fuppofinj^ 
the optic cme to be cut on both fides by the piSiure. . 

PRO P. . VIL 

, - - • 

^he appearance of any plane figure parallel to tht 5. 
jiSure^ will be fimilar tjo the original. 

Let GHIK be th^ plain figure whofe reprefenta- 
tion is gbik. Then fince the optic pyramid EGHIK 
is cut by the plane of the pifture AC, parallel to 
the bafe GHIK ; therefore thefedion gbik will be 
fimilar to GHIK (by. Cor. i. Prop. XVlI. B. VI. 
Geometry.) 

PROP. VIIL 

^he vanijhing or accidental points^ of all lines drawn t^^ 
in any plane^ are in the varAfhing line of that pUme^ 

Let FG be any line in the plane CFG, and EL 
^tawii from the eye at £, parallel to FG, cUaing^ 

the 
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Figi the pi6turc in L. Then fince all lines as FG arc 
6. in the plane CFGr, all die parallels EL, are in the 
ptrrileF plane AEL ;: and therefore a]I\ tht points 
I^ kre in the interfe&ion AL; that is^- kr^e tra* 
niihing line. And it is the fame thing whether thc^ 
. phrie AC be right or oblique 'to the ^ane CG, 
fince tfad phitf sr GFG and: EAL are paraUel in d! 

PROP- IX. 

jTk All lines perpendicuidr to tbepi^uriy will h pro- 
jjiBfid ififv ./me parts 0- ptbtr of thefdiik Uhesmtbt 
fUimo'^ in wbaU^et point of tbe pkmipa^ fojy ti» 
oywiipla^di 

Let FG be a line perpendicular W the plAufi^ 
S die cycy ES the principal^ ray y produce GF to 
GW the picture in N, and dmw SN. Then^ Sxct 
ES, NG are parallel, they and the line SN arc. in 
dflcf plane. Theriefote tG appears ibmewherc in 
Ae fine SN. Then let the eye remove to K, id 
the-fkme line ES; and K is ftill in the fame plan* 
ESNG •, therefore FG appears ftiU in die line SN, 
which has not changed its fituasion. But then theje- 
firefentatiori of FG does not fall in the lame part of 
the line SN, when the eye is'^at E, as when it is at 
K ; fot the farther the point K recedes back, the lefs 
angfe^ the line FG appears under; and the further 
the reprefentatipn of it is from S. 

6cr. I. ^be further the eye recedes aloHg the prtn- 
efipalray^ theHefs atrf line' appears^ which is fefpenM- 
tular to the piSure. 

* ♦ 

Cor. %. Wherever ^ the eye is taken in' the frtfUcipd 
re^ the reprefentations of all &nes^ perpendHeuhr H 
the piSure^ .will converge to the point offighi. Jni 
^Mtfe^nt^, the piBure will appear a regular piece of 
pfffeSiwy, tain*iytpiaced a^ where in that line. 

Cor. 
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Cor. 3* Likewife by the fime reafoningj the r^e- Figi 
fentations of atlpdtidkl ^Mqae ttnts will tend to their j. 
accidental pointy if the eye recedes in the tine drawn 
Hh^ tUat oiSDiikiidptikiit: 


4. 7beft thif^s boId4rueittan$n}pUnfdpi^urti 
fiifiitiaiHg tin$s parallel td the pmeipBd rof^. if^ped 
e§ Unm perp. to the piSlitrei 

PROP. X. 

1^ aSgIa ie put in the place of the eye^ and tb$ 
0adows of a;ny, oije^ be projeSed ani a plane parallel 
to the pitiure^ placed behind the obf^Ss^^ tbefefiad&oft 
mlf form a piece of perJpiSive Jimilar to that mada 
on thepiSure^ when- the ^ is placed in the point ^ 
view 'y and mUhave the fame appearance^ 

For the im^e made by the fbadows, is fbrmetf 
by rays drawn from die light thro' aU the poiiitB ctf 
the pbje£bs, till they- cut the paralldi plafie. * And 
the image on the {t^£torey is formed by die vesy 
fime liiie& cutting tl^ pidure. Therefore theie piM^ 
ims^Sy upon thefe parallel planes, muft needs 
^ mntkf 'r '<uid will appear equal to aae^eif» ditt 
{oint of' view.. ^ 

Cbr. r. the imaier of oije^Sj formei iy their fia^ 
dms^y OH a plane 'i HDtU make a tegfikr piece of per-^ 
fpe&voe; 

Cor. 2. ^he images formed^ bythefhadows of the 
fMs Ugtij " make a piece of miUtaty perfpeSlive. 

For the fun's light ma)f bc^ fuppofcd to oomc 
«t>m ;m hififlitc diftknce; 


PROP- 


L 
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•Fig: .■■..- V • 

P R OP. XL 

> . ■ ■ ■ 

* 

S. If the hack fide of tbepi^ure AC he a plain refiec* 
tor ; and if the eye he placed at O in the principal raj 
ES, produced as far beyond the piSure. I'ben the 
kyr looking towards the refieSor^ will fee all ohfeSs in. 
the fame places of the rejkttor \ as an eye at E will 
fee them in the piSure^ 

» 
Let F be any point of an objeft, and. draw FIG 
perpendicular to the pifture cutting" it in I, and 
maice GI = FI ;' and draw SI from the point of 
fight S. Then fince both EO and FG arc perpen- , 
dicular to the picture, the point F fecn by reflec- 
tion froni O, or dirt&Xy from E will appear fomc- 
where in the plane FEO, vand therefore fomewherc 
in the line SI, the fedion of it with the pi6hjrc* 
But (Optics, B. 11. Prop. II.) F is fcen by reflec- 
tion in the line GO, and F is feen direftly iii the line 
. EF. But both thefe lines interfeft at V inthe line SI. 
For the lines GI = FI, and ES =: QS, and SI perpen- 
dicular to them all. Therefore their interfcraon 
muft'be in^ the line SI. But in looking towards 
die refleftor, with the back towards the objeds i 
the right fidic will appear on the left; and the left 
on the right 5 being contrary to what they are. when 
the' fate 15^ turned the contrary Way. Now what is. 
proved of the point F, holds of all points of all* 
objefts whatever. 

Cor. Tho^ all ohjeSls and all points of them appear 
in the fame places hy refleSlion as when feeji direSly^ 
yet the face being turned the contrary way 9 what is 
en the right will appear on the leftj and what is on 
the left will appear on the right band. 
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^ Fig, 

PROP. XII. ■ 

In viewing mf piece 6f perfpeHive of a country ^ ci^ 
ty^ t£c. the further the eye is placed from it^ in the 
principal ray\ the longer the Sr aught appears, to be^ 
and that in proptn-tion to the difiance of the eye. 

I call that the length which b taken along the g, 
geometrical plane, as it runsdircftly from thc.picr 

ture. . 

• « , . 

Let AC be the pidlure, EA the principal ray, 
CV the horizontal plane, Let E be the point of 
view, for which the profpect was drawn. Then 'tis 
plain CB reprefents the length CF, to the eye at E. 
Let the eye be removed to. D, in the principal ray 
. AED ; then the fame CJB. reprefents the length CV. " 
. But by fimilar triangles, CF : AE : : (CB : AB : :) 
CV : AD. t and therefore the apparent length of 
the di-aught is greatej? at D than at E, in propor- 
tion of AD to AE. 

• 

Cor. I . Hence in any given piece of perfpeSive^ 
the further the eye is placed from the piilure ; the 
larger and more extended it feems to be ; and the near- 
er^ tbelefs it appears. 

Cor. 2. f^o perfpeSliveviefoo will appear exaSly Uki 
the original^ but when it is feen.fr om the true, point 
of view for which it was made. . , 

For when it ds feen fronri. a point nearer than the 
true point, it gives too fliort a view ; and if .from 
a point further off, the view is too long. And in 
no pofition of the eye but one, can all lines come 
from the objefts to the eye,* to cut the piAure in 
the fame points. And therefore the (ituatipn of 
all pbjedswill not be the fame, when viewed from 
different ppints- Whence no view cart appear fo 
(latural, as when feen from its own point of view. 

And 


I 

\ 
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Fig. And then all rays coniing to the eye will come in 
^. their true direftiaas, and mal(e «n appeanuioe ck^ 
9&Iy Jimilar to the original. 

Cor. 3. T'Mjbe cJjeRs feem pjeaUr 'ivhin if^e ejii 
is further tff^yet thej, really appeaY ufiderlefs angles. 

For in this cafe the rtafon of their agp^aripK 
greater, is not becaufe the feveral parts of the view 
appear under. greater ajigles,» for th^y.rq^ly ^appear 
under lefler \ out became the view appcaringrlpQg- 
cr, we judge the diftance to be greater, and thej?^- 
fore the pbjeds feem greater, anjd th^ view ipore 
extenliye. Sut (his apparent gFeatnef$juiifing.ii^^ 
ly from judjgmcnt, it may :be difercpt^in Jiffc|nBBt 
people. 

PROP. .2011 

If awf print or perfp^ive idew^ . h .koM .^/ tki^y 
a knsy wbofe focal d00n^e is jfqual. to the pripd^l 
Ti^y and the print placed in its ffm/^ itMiliie.fi 

magnified J as to have the very fim ^fptW^9ee^<¥ 
the place it was drawn for* 

f _ 

lb. LctX4>e 1^ Ism. AC (heiiii&uKt ptonitiAits 

f4gt<^))% . whofe fc^cal dift^naeisiM. ^^^e fpiniicii^ 
rav. Then (Gor. 10. Prop. JHJ:, »• 4II- Qppi^ 
all the rays ifluing from the pidure AC, in its 
^U3, and rj^a^ed by the leii^ L, wifl tmex^ 
panjld €0 Ae^e ; therefore they come to the ejre 
as they do from the obje;^ at a ^eat diftanco 
tberc^e the view is - magnified. Alfo (by PfOp. 
XS^YtL lbs) the apparent magmtiide of ihoi^^y 
or any part of it (that is the angle 4t appears^ndrr), 
feen thro* the leiis ; is- the fame as^that fceni-by tlie 
naked eye from L, that is from the point -of ii4ew 
of the print. But the apparent nriagmtude^ the 
view » any part of it feen from L, is the iameas 
that C(f the country itfelf (or.otlw objca)'ieeii 


fywiJUy iifiee the £une lines ^ to #L1 t^ €Qmr f^ 

wd ewry p^rt of the pr^:i$ fis» iin^^, id^ t|i$ 
kos, aee-^e £uifte as^th^ of *t^e^l^j^.9r i^jfSv 
iiwa wxh the mked eji^t from Li* J^nfi , t|hei^^^ 
faocb 0i^ft neceflariiy iiove ^^^fMaivefaQe. 

Cor. [GJaJS^s vobtcb are not pf a due f^cflj. leng^ftp 
wiil noi ^ive fbf e^a.S appear anpe of a pUce. Sb^tgjr 
tUj^sp^ake the. dijiances lefs^ oindfo contra^ the viiw. 
And longer ^l^jfes ^^ke the diftances ^reafet;^ and exr 
tend the view. 

For by Prop. XIL the further the eye Is off, thp 
larger and more extended the draught appears. 
And when 'tis feen thrp* a lens of any foca} difr 
tance, it appears equ^ly large, .as ieen at that dy^ 
tance with the nak,ed 9ye. Therefore it follpw.s 
that a print feen thro* a lens of a long focus, ap- 
pears larger jsh^ when feen thro* on^ of a Icflfer 
focus. 

Scholium. 

SiQce glailfs of a long focal diflanc^, jgtv/s ^^ 
large and extenfiye f^qfjp^di of a countiy, th^f^ 
fore they ar^ better than fhorter giafies. And.wfa^ 
the^profpe&s are well drawn, and properly col^ivv:- 
^4 it is very delightful to; view them t^rp'.a ^xxl 
. glafe, as they fo nearly imitate nature. 'And xhi^ 
there is but one focal, length thatrwill give a true 
appearance, yet the draught will always appear a 
i^gujiar piece of peripd^ive, tho' it may not ex- 
^ly reprefent any place in the ivwsrid, luf^x^^ 
^e isye placed Ibmewhere inthe principal xay/Afid 
'^he QiEaught \^iU . feem loiiger in jptx^pordon . to JEbe 
focal diftance of the glafs made ufelof ; or iii pro- 
portion to the apparent diftance of the neareft part 
'i)f the^pifture. 

A« there is nothing more pleafant than viewiiijg; 
4ie draughts of countries,, toains, cities, magnifi- 
cent 
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Figi ccpt buildings, and odier grand objeds, when well 
10. drawn: to fee them tothebcft advantage, thefo* 
cal diilance of the glafs fliould be juft fo long, as 
not to fhcw the fcratches, and coarfenefs of the 
engraving ; or not much longer ; for then the view 
will be narrow, and the parts too fmall to be feen fo 
far oflF. And if it be far off, it will hide the beau- 
ties as well as deformities. And to get a proper 
glafs, bbferve at what diftancc the fcratches dif- 
appear to the naked eye, and that is the focal 
length of the glafs: Perfpeftive views Ihould be 
drawn, fo that the point of view be further off, 
than is generally pradifed, if you would have the 
piece to be a true copy of nature. The principal 
ray (hould not be lefs than two foot, and then the 
draught being looked at thro* a lens of that focal 
diftance, it will appear in perfeftion, and give a 
true reprefcntation of the place it was drawn foi*. 
The view ftiould be fo large asf to fubtend an angle 
at the lens of about 30 degrees. And it is proper 
to put the lens in a fliort iquare tube ; which will 
confine the fight, and diredt it to the perfpeSivc 
draught j which, to compleat its beauty, ought to 
be* coloured with the fame colours as the natural 
objefts appear in. For which^purpofe water coloufs 
need only be ufed, as being fufficient for that pur- 
pofe. 

PROP. XIV. 

ii. If G be any point in the geometrical plane^ GF 

perpendicular to the ground line DC, S the point of 

Jight^ and SF, EG drawn. Ti^e reprefcntation tf 

G, Jball be at P in the line SF ; and fo placed^ that 

ES:SP::GF:FP. 

For fince GF and ES are parallel, they are both 

in one plane, which plane cuts the pifture in the 

line SF. And ^11 lines as EG,- drawnirom E to ax^ 

point 
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point of the perpendicular fcF, will interfeft the Fig. 
pi&ure in the line SF ; thus EG interfefts it in P, 1 1 . 
and therefore P is the pi6ture of G. Now the tri- 
angles ESP, GFP are fimilar, 'for by the parallels, 
angle SEP = FGP, and the vertical angles at P 
are equal 5 therefore GF : FP : : ES : SP, 

Cor. J. If Q be any point in the geometrical plane ^ 
GF perp. to the ground line^ and SF drawn^ and EG. 
to interfe^ SF in P. Then P the image of G will be - 
fo placed^ thai the fum of the principal ray and per^ 
pendicular ES + FG : to the line SF : : as the prin^ 
cipal ray ES : to SP the dijlance of the image P from 
S: when the point' G is beyond the piSure. But 
when G is on this Jide the piEture^ you muft take ES 
— FG. 

For fince ES : SP : : GF : FP, therefore ES + 
GF: SP + PF(SF)::ES:SP. AndES— ^F: 
Sp ^pF (SF) : : ES : Sp. 

Cor. 2. If the piSlure AC is .oblique to the geome^ 
trical planCj tie fame proportions will hold good. 

This is evident, becaufe ES and FG will ftill be 
parallel, and the triangles ESP, and GFP fimilar. 

Cor. ^. Hence, if the given point be beyond the pic- 
ture, its image will be above the ground line \ if on 
the fame "Jide as the eye, it will appear below the 
ground line. 

P R O P. XV. 

The length of a line GF jianding upright upon the 1 2^ 
geometrical plane, is to the length of its image gf in 
the pi£lure\ as the'hight of the eye ER, to the dif 
tance of the image of its foot from the horizontal 
linCy gn. 

Let E be the eye, RGB the geometrical plane, 
ESTNV the horizontal plane. Produce GF and 

C its 


Fig. ks reprefctttatioa gfj to .cut. the hanzQnta} plane 

\2^ at N afl& »» and dmw NT paraM to VA. Then 

fince XJfl^ and gfn are p^fdkl, the triangles 

^ j^J, %/^ as alfo E.GN» t^» arc flmihr^ whence 

FGi:J^t rEQ c t^ : : GN :^if 5 : ER :^ 

(pen , r. -/fr /iSf diftance of the line from the eye^ /# 
the\di^4nct of its image from the eye y fo the, Ungth ^f 
ibt UxLU to the_ kng^h^ of its iii$age* 

For bf fi^^uW tria5gie$^ FG %.J^ i : EG : % : : 

-'CJor.i^^ 4itk^. diftatkce of the eye from the plane 
TNG (hi which the line is) ^ to f'he dlji^nce of th^ 
r^from the figure ES, fo the bngth of the line FG* 
to the length of its image fg. 
Far FG ifg : *: EN; 'E» ; ; ET : ES. 




Cori^3. The fme is true on an ineUned fiOure^^ 
puvidifi the line FG leparaUd to the vertkalUne SX^ 
^ Forjietriai>gtesEGF, E^/" wUi.be ftiUfunU^ 
as ^:^ EGN^ aa^ %^ 

ScHOIirUMT. 

' ' • • 

This propbfition is the foundaition of all fcheno-* 
gnl^hy, B^ its help aH elev;ations are performed, 
the pq^tioms andhights of , a]| ^ds^ traly lakl 
dtrvn^ VAnd the fcl^ac^^phie te{»£ieti£atiQns of 
all bodies exactly delineated. ' . 

PR OF. XVI. 

If fn pfitnt-^Jelevated 'jnhonje the geometrical- plape^ 
it is^ the fm^ thing as if if MAf in a new geometrical 
plune^ra^ed fo much [higher^ asjs the, bight of that 
point I The point of ififtanceretnaining the fame. 

I J. Let E hen the cyej'^fiTthe point of fights AC the 
piij3:iJipe, IHQ^the geometrical plane, and GF a 
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line ftanding perpendicularly upon it. Thro* the Fi^ 
top F draw the j^Uhe KLMN, *rhlch will cut the 1 3! 
pifture perpendicularly in the line dfc^ and the 

hij[ht of th« eye la f. thittfott if we mikt this 

new plane the geometrital'^taAe, tht point F Witt 
be a point in it. And the hight of the eye will be 
Efs aftd pmiiid liftt' rf(f4 Ahd th^ Mght of the 
tft^ ind ite pii^Ufe #SH bfe flidrtentHl by th6 flight 
B#- or FG <^)^% ^Wle the pbint df dlttim*, ahd 
prkidpftl r^y E^ ttimiM the f^rrte. 

• 

Cor. Jnd thus every fpinf, elevated above^ or der - 
frtjftd hUm^ a gi^n p^mtrit^l pkni \ f^ay,he af-^ . 
fumed in Jbm tHker gemeifkdi fldiie^ it^n ihr^ • 
tict pit^i fOrdlkl n ib^ firfi. « . 

PROP. XVII* 

If E he^ the eye^ AC the horttontut pidtie^ filR tbt 14. 
ptfmehical piane, Jnd if any $ije&i (fitiiaped in the 
plane G^ petpendicuUfr to the b^-izoH) are to it 
drwwn upon the pHane AC, for the piUure* They will 
appear in the fame places^ as when the kigbt ef tbei 
eyey^ and the dijtance^ are changed for one another. 

For lei G bte a piyiht to be fef)refe$ted irt fit 
plane SC.^ Draw the line EG 16 cW SO ii^^j ^fA' 
^ will be v&'^\mt in that plt^ne % WhaiH ES is the, 
hight of the eye, and SC its diftance. But this is 
the very fkltife thiftg ^s if Ek was the hight of the 

-eye^ tnd ES its diftance, AC the piAufe, and RG '. 

'^ the geometrical plane, in which the point G is fitu- 
ated. This will be evident, by turning the whole 
figure about, till RG becomes the bafe-, for theft £ 
being the eye, ER is its hJght, ES its dirtance, &c. 

Cor. Hence the fame rules that ferve for drawing 
upon a vertical plane ^ 'will alfo ferve for drawing 
updn 4 horizontal one. 

C 2 PROP. 
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Fig. 

PROP. XVIII. 

t 
I 

\ 

The Jbadow pf a right linij upon a plane caufed 
hy any Ugbty is alfi a right Um. 

For if a plane be drawn thro* the lights and die 
given right line, and extended to the plane, it will 
cut that plane in a right line (Gebm. V. 3.) ; and 
it is evident this line of feftion is the fhadoyr of the 
given line. 

Cor! I. If the right line given he parallel to the 
plane y itsjhadom will be parallel to that line. 
\ For the line being parallel to the plane will be 
parallel to the feftion, (Geom. V. ik Cor.). 

Cor. 2. If the right Une go thro* the lights its 
jbadow is only a point • 

Con 3. ^he image of the jhadow {of a right line 
upon a plane) will alfo be a right line. 

TWs is evident by Prop. II. confidering the flia- 
'doW as an objeft. 

Cor, 4. If fever al parallel lines be parallel to a 
plane^ all their fhadows will be parallel to one ano- 
ther and to thefe lines. 

This is pfain by Geom. V. 8. and Cor. i. q£ this. 

Cor. 5. Jnd if the light be at a great dijlance% 
the fhadows of any pardlel tines ^ will be parallel t§ 
^me another. 

For then the planes paffing thro' thefe Knes, and 
the light may be cfteemed parallel. And therefore 
(Geom. V. 11.) thefe fhadows, or their feftions 
with any other plane, will be parallel. 


PROP. 
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Fig. 
PROP. XIX. 

The images of all rays^ proceeding either from the 
fun or a fmatt lights tend to the image of that Mgbt 
in the pitiure. ' 

'' ' ' . , ■ 

For /the image of the light is the image of one 

end of any ray proceeding from that light j and ^ 

the ray being a right line, its image will be aright 

line, proceeding thro* the image of the lights or 

tending to it. 

Cor. I. The image of the Jbadow of any pointy is 
in the right line dra'cbn thro* the image of that pointy 
and the image of the light. 

Con 2. The images of all h 6 dies are terminated^ by 
lines drawn thro* the. image of the light i and thro* 
the images of the extremes of thefe bodies^ 

P R O p. XX. 

If a right line FG be parallel to any plane ^Qj i5- 
the image ik of its Jhadow IK upon that plune^, (iy 
any fort of light )j Jhall tend to t^e accidental point 
0, of that right line. 

For (by Cor. i. Prop. XVIII.) the FmeFG and 
its fliadow IK will be parallel j and (Cor. i. Prop. , 
rV.) tfie images of thefe parallel lines FG, IK> 
tend to the accidental point of FG^ that is to O. ' 

Cor. 1. If a line be perpendicular to the piSure^ 
the image of its fhadoWj upon the geometrical or ver-^ / 
tical planes J or their parallels^ tends to the point cf 

fight. - 

For then the line is parallel to both the geomcr 
irical and vertical planes. 

C 3 Cor. 
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^ig. Cor. 2. 7/^ i^ line be perpendicular to the vertical 
15. plane \ the imag& ^ its jkadfiw %pm the geometrical 
flanhy or the piSture^ or their parallels^ is parallel to ' 

fkgrQvni Hn^ 

For tbefx it i§ pai^Upl Isioth «> th« gooBieixieil 

plane, and the pifture. "* 

, Cor. 3. If ths' Urn h p^pniictijM t^ tb^gnme- 

trical phfk, ; the, im^d^ of iujkad/^ 1^0% tbepiam^ 
, and vertical j^ldpe^ and their fdPdU^h, ii p»^l H 
ih$ vertical Iw. 

For then the line is parallel to the v^^^^ fliKMI 
_ and the picture. 

PROP. XXf, 

1 6. If ^ i^ the image of the fun in the pi&ure^ which 
ishbw thi hori^&onPat Une AS, when the j&n is her 
f^re thi pi&dre\ or above if^ when beyond. And if 
LI, LN, be dMwn^ paraUef to AS, SXy cutting the 
vertical line SX in I, and the horizontal line AS in 
N, at^d SL be drawn, ^hen if a^ right Une beex^ 

/ 4>ofed to the fun*s tight ; the image of the fiadewy 
V>hicb fkch ^ line, perpendicular ta ^>e piaure^ or 
^erti(^l plant, or geeme trical piano, or tbetr parallels^ 
eafis upon the faid plane, is paraltel (o SL, tends tOi 
I, or tends to N, refpeBively. \ 

5. The- fi^dow of the principal ray ES will bo 
L3* For L is the image of the fun in the pic-^ 
Wre, and a ^ifte drawn thro* L and the eye at E,, 
paflfes thro* tJie fun ; end therefoje L is the fhadow 
of E. B^t plants duwn from tbe. fvici, thy^ all 
die parallels to ES^ will cut the pidk^are AC Ir pa- 
' tdXkl Knes ;. hccaufe the fun i$ at ai^ infinite <Hf- 
tance, and therefore thefe planes are parallel, mi 
their fcftio^s wilh the pifture^ pAr^W (G<50in.' V. 
u) i Aat is, the fliadows of the Uaes pcgjwidici*- 

• , lar 
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lar to AC will be parallel to one another on the F«. 
pidlure, and to SL. ' 1 S 

2. If feveral lines be perpendicular to the verti- 
cal plaoe SPQR,^ their fiiadows i^>m the {rfane 
will be parallel to one another, as appears frotai 
what 13 deinonfhrated juft now. But tnefe ihadows 
being tiken for objects, their a^earances in the 
pi6lurc (by Prop* IV. Got. u) will tend to their 
accidental point, which is I. For the ihadow of ^ 
line pi^&fig thro' E, par^lel to AS, will fall Upon 
LI (Con 1. Prop. XVIIL), and that fliadow fall- 
: ing cm the verdcal plane^ will be paralld to the 
other ihadowii on that plane^ and alio in the line 
£L Theiefbre EI being parallel to all the Wi- 
dows, 1 will be their accidental pdint. 

g. Sinc^ L is the ihadow of £, the fhadow of 
£R perpendicular to the horizontal plane, will fall 
in the line GLN. And (Cor. 5. Prop. XVllI.) 
the fhaddws of all lines p^rp. to the geometrical 
plane will be pafalld to RG, whith is the &ado^ 
of ER. . And fmce EN is parallel to RG, N will 
be the accidental pbint 6f KG, and <rf all the fha- 
dows, upon the geometrical plane. And therefore 
their repfefentatlon^ ift the pifture tend to N. 

And the fame is true of the images of the flia- 
dqws upon ^ny paraBel planes ^ fitrce thcfe fhadows 

are parallel to the formet. 

«. 

Cor. If the fun is in the plane of the piSture^ tie 
appearance ef tie fiiaiow of any line prp. t& //, is ' 
parallel t6 ^ ta^ of the fun falling on it. If in the - 
plane of the vertical pkne^ they tend to I. If in tjbe 
horizontal planty therf tend to N. And the fme for 
iheir parallels. 
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Fig. ' ' 

PROP. XXII. 

' - I- 

^he image of tbejhadowj which a line perpendicu- 
lar to any plane cafts upon that plane^ tends to the 
image of the point of fttuation of the light upon that 
plane ; that is^ to the iihage of thi point where a per- 
pendicular from the light falls up^n that plane ^ 

17, Let D be any light, BF a line perpendicular to 
the plane KH, draw DI perp. to the fame plane ; 
tl>en I is the point of fituation of the light upon 
the plane KH. Then fincc BF, and DI are paral- 
lel, they will be in one plane, DBFI ; and the flia-, 
dow of BF will be in the fame plane. But this 
plane cuts the plane KH in the line IFG. But the 
image of that line in the picture (by Prop. II.) is 
alfo a right line ifg. Therefore fg^ which is the 
image or the fliadow FG, tends to /, which is the 
image of I, the fituation of the light. 

Cor. I. If the fhadow of a line perp J to a plants 
fall on that plane and others parallel to it ; the images 
of the federal parts tend to the accidental point of anj 
part, 
' For thefe parts being parallel, their reprefenta- 
tions (by Cor. i. Prop. IV.) tend to the accidental 
point. 

Cor. 2. If many parallel lines ft and at any inclina- 

• tion upon the plane KH ; and if pi be drawn from 

, the light D parallel to thefe lines, cutting the plane in 

I. ^hen the images of all the fhadows will tend to 

the image of I in the pi£lureJ 

. For the plain paffing thro* DBF will ftill cut the 

plane KH in the right line GFI. 

PI^OP. 
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PROP. xxm. 


2$ 
Fig- 


The properties of an inclined piaure ABC are the i8. 
fame^s ibofe of an upright one ^ in regard to the places^ 
pofitions^ and magnitudes of, any points^ lines or ^- 
gures ; taking ER for the hight of the eye^ parallel to 
the vertical line SX. And injtead of lines perpendi^ 
cular td the piUure or to the geometrical plane^ taking 
the fame tines parallel to ES or SX. 


Let NG be a line in the geometrical plane paral*. 
kl to the ground line XC ; ng the image of it in 
the picture. Then the plane ENG, drawn thro* 
the eye at E, ^nd the line NG which is parallel to 
the pi£kire, will cut the pifture in the line ng pa- 
rallel to NG. And fo would it do in the upright 
table, by Prop. III. 

Let GF be a line (landing upon the geometrical 
plahe at G, parallel to SX. Then fg , its image 
will alfo be parallel to SX, or perpendicular to CX. 
And fo it is in the upright pifture, by Cor. 2. 
Prop. III. 

Draw RG which will meet^ at I in the ground 
line CX. Then by fimilar triangles, GF : j/ : ; 
GE : ^E : : RG : RI : : RE : I^ ; which are the 
fame proportions we have in Prop. XV. -for the up- 
bright pifture. Likewife NG \ ngw EG : Eg* : : 
ER : ^I V which is the fame porportion, as in the 
upright pifture. 

So that whether the pifture ;ind the lines ER, 
FG, ftand floping, or upright upon the line CX, 
at the points R arid G ; the reprefentations of the 
lines NG, GF, will fall in the fame peaces of the 
picture, and be of the fame magnitudes in it. 

Cor. Hence if a perpendicular foUd, as a prifm or. 
lylinder^^c. as DM, is to be drawn \ before this can 

U 
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Fig. ie donej by the rules for upright piSluresy lines muji 

18. be drawn from the top D to the geometrical pldne^pa^ 

rallel to SX, as Dm. Then by having the length of 

mDj the image of D may be found \ md then the 

image of Mj am the fqltd compUfUed. 

Scholium. , 

. Hitherto- 1 have been laying down fuch princi^ 
pks a$ are the foundation of the whole pra&ice of 
pcrfpeftive ; which being well underftood, the rca- 
Ion of the feveral operations in the praftice will ea- 
fily be ihewn and niade intelligible. 

And tbo* objefts may be drawn in . perfpe&ivc 
various ways, either upon a plane perpendicular to 
the horizon^ or paralkl to it, or inclined in any 
given angle ; yet fince almoft ail objects ftand per-* 
pendicular to the horizon, and all views and per^ 
fpedive draughts;, are hung againft a wall, which 
is alfo perpendicular to the horlsson. And lince 
the rules fpr drawing are the nx>ft fiflfipk and eafy^ 
when, the pifturc is in that pofuion. Therefore I 
have given all the principles in full for that fort of 
projection. And in order to extend the rules to 
other kinds, I have given fome propofitions» (hew- 
ing how the other forts may be reduced to this, 

Alfo as it is nioft natural to look at a draught of 
ariy thing direftly, rather than obliquely. And 
all towns^ cities, caftle$> towers, churches, edifices 
o£ all forts, &mi in a perpendicular pofition, this 
fort muft be efteemed the moft natural of any, as 
Wtdl as the moft ready, familiar^ and eafy. 

, And tho' the obgeds I have been defcribingi 
are fuch as fall below the horizontal line, and be^ 
ymd the pifture. Yet all the propofitions are 
equally true, tbo' the ob^eds are never fo highi 
or when they are between the eye and the pifture. 
Bbf to have drawn them fo,. would have required 
larger figures and more room. 
, ' And 
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And fince fiiadows ferve to diftinguiih the dif- Figb 
ferent fides of a body, and to ihew us what fides 
are toinrards the fi^ht, and what from it, and there- 
by enable us to judge of the pofitions of 'alL the 
l^rts of It ; and xxpon this account they give life to 
a piece of perfpeftivc, and are the chief ornament 
and beauty thereof. And as this light may either 
come from the fun, whofe rays are to be efteenied 
par^lel to one another, as coming; from an infinite 
diftance. Or they may proceed from a finall light 
as a lamp or a candle ; and then they dtveige from 
a point near hand. And fince a per^edive draught 
ts miperfeft without Ihadows ; tti^^fore I have Isud 
down a few pw^fitions, fliewing the diredion and 
pofitiQns of the 'fiiadows of bodies upon all forts 
of planes, by any fort of light ; from whence the 
method of laying them (town in peripcftivc k 
cafily deduced. 
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Fig. ^ , 

*S E C T. II. 

Tie PraSiical Rules for drawing in 

Perspective. 
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HAVING in the'firft fedion treated of the 
theory or fundamental principles of perfpcc- 
tive J I come now to lay down the rules by which 
all the operations, in the praftical part, are per- 
formed.. All which are eafily deduced and demon* 
ftrated'from the foregoing theory. 

The nature and foundation of drawing in pcr- 
fpcdive is eafily underftood, by looking ^ thro' a 
glafs window, and viewing the feveralpbjeds with- 
out, and whilft you keep your eye fixed fteady in 
one place, imagine thefe objeds painted on the 
glafs in the fame places they appear in *, that is, in 
the places where the rays coming from the feveral 
objcds to the eye, meet the glafs. For if fuch 
piftures of the feveral objefts were adually de- 
scribed upon the window, it would be really a per- 
fpedive draught. But then it would only be drawn 
mechanically, without any. rules of art. Whereas, 
by the praftical rules, which will be here laid down, 
the very fame draught may. be made, without look- 
ing at the objefts ; and that from certain data, fuch 
as the diftance, pofition, altitude, &c. of the feve- 
ral obj^fts to be defcribed. 

The pradical part of perfpedlive is either dired 
or inveife ; the direSi method is that by which the 
appearance of any given objed is reprefented in 
the plane of the pidure. And the inverfe method 
is that which finds out the ' objed, by having its 
image given in the pidure. In what follows we 

{hall 
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fliaU fuppofe the pifture dlre^ly oppofcd to the F^*' 
eye, and by the help of fuch lines and points, as 
we have given, we (hall find the appearance of any 
objedl upon that plane. In what went before con- 
cerning the demonftrations, we were obliged to view 
it fideways; that the eye might f?e all the iiiterfec- 
tions of the feveral lines and planes concerned 
therein^ many of which, in any other pofture, 
would be hid from the eye -, fo that each of thefe 
figures is really itfelf a piece of perfpeftive. But 
thefe principles being eftablilhed, we Ihall have no 
further occafion for it in that pbfition ; but fuppofe 
it placed diredlly before the eye, as it is to be fcen ' 
from the point of view. 

In the diredt method, we firid firft how to . place 
the image of a point in the geometrical plane, in 
the piSiire. Then the image of a line in the 
geometrical plane is founds by finding the images 
of the extreme points. Then the image of any 
plain figure is found, by finding the reprefentations 
of all the fides. Thofe of cutve lines are founds 
by finding a good nuipber 6f points, and drawing 
a curve regularly thro* them. The image of a 
line perpendicular to the geometrical plane, is ca- 
fily found by having the point or bafe given- And 
then the image of a floapipg line. The image of 
a folid is had by finding the image of its bafe, and 
then eredting perpendiculars at' the angles, of a 
proper hight-, and joining the tops of them by 
right lines. 

' In generaly the images of all lines in the geome- 
trical plane, which are perp. to the ground line,' 
converge to the point of fight, And thofe that cut 
it obliquely tend to their accidental point. And 
the images of all lines parallel to one another, ex- 
cqpt fuch as are. parallel to the pifture, converge 
to fome point or other. 

, AU 
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Fig. All liftcs parallel to the grouifid line, have their 
reprefentations on the table parallel thereto; And 
the images of all lines peijpendicular to- the getwrie^ 
trical plane, are perpendicular to the ground line* 
All thefe things .will be exemplified particidarty in 
what follows, 

P R O B. L 

Tc reprefenf an objeS by mitiUry ptj^H'ftsi. 

Militarjr or orthographic perfpeAive is the draw- 
ing lines thro* ail the points cii the objeft perpefi*^ 
' dicular to the pl4ne ; of the pi£hire, placed in & 

E roper pofition ; arid then conncfting all the jpainti 
jr right lines as they arc in the objedl. Here *11 
lines that arc not direftly expofed to thd ^, ifitlft ^ 
be made lefs than they are, fo thuch a9 th^ cbli'- 
quity is greater. Angles may appear either bigger 
or lefler than the trlith, according to the pofition 
of the plane of their fide^. All litres that are pa** 
rallel in the obje<a^ jthuft be parallel in the pidturt* 
And thofe perpendicular to the .horiaoti, ttiuil b6 
pcrp. to the ground line. 

The praAice is eafy. Draw any line for the 
ground line, and the objeft being placed^ or fup* ' 
pofed to be placed, in > cont^enicnt fituation ; i!a 
faU pcrp^diculars from evfery point- or angle of 
it upon the plane of the pifturc ; drawn in dbfcor^ ' 
lines 5 all thefe will be perpendicular to the ground 
line. ,Then lines muft be drawn- from one point 
to another as they are in the objedt: 

Ot ibuii Draw the plan or bafe of tl^e ctgeftj 
and draw from all the angles, the feveral • altitudes 
of the parts of the objedt in thefe places, parallel 
to one another j and perpendicular to the grourid 
* Une, all in obfcure lines. Then join -the tops of 
thefe lines, by drawing other lines, as they are irt 
, 4he obj^ftj and all lines beloi^ging thereto that are 

vifiblej 
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rifiblc; rubbing out choTe that am hid,frOtn the Pig. 
eye. But ftridly fuch lines as are not direfbly op- 
pofed to the eye muft be diminiflied) according to 
the fine of the. angle of incidence^ from the eye. 
And the an^es will be increafed or decreafed, in 
confequaice of that obliquity* Laftly, the feveral 
parts or planes compofmg the furfacc of the body, 
that lie from the eye muft be (haded 1 the mof^ 
the more oblique they are^ 

Sometimes you muft draw the front or profile as 
well as the plan, to ihcw the feveral altitudes. 

Let OPQKS be a piece of fortigcSation feen in . 19. 
front. ABEF is the plan^ where all the lines B A^ 
1 CD) &c. perpendicular to- the ground line BE, are 
reduced in length in the proportion of ^ to AB; 
by reafon of the obliquity of the rays, upon tht 
Unes AB, CD, ih the bafc. GHIKLMN is the 
lfront> where all the lines Hbj I/, &c are jQtorsen* 
ed in proportion of the radius to the fine of incli^ 
nation of the rays upon the lines Hb^ I/, flee in 
front, or plane -GLMN- Then the figure OV/RS^ 
• being m^de equal toGHLMN, and jtbc lines OP, 
Vt;, &c. and RQ, be made equal to BA, CD^ 
Sec. and £F -, and the lines joining on the fevera) 
plaoes be drawn, as P^, OV, /R, &c the folid 
will be formed ; which being fliaded, gives the true 
appearance thereof OPQRS, according to this me* 
thod of drawing. 

JEx 2. 

ABCD is a table, feen both in front and.proifile. 20. <« 
.Let EC be the ground line, EF a line parallel to 
the front. MG the length of the table, MF the 
length contrafted by the obliquity of the Unes in 
the front, parallel to the ground line; and MK 
perp. to MF, is the breadth ; and MH the con- 
traded 
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Fig. traded breadth, t>y the obliquity of the lines perp. 

20. to the line EF. Make HI = HK, and draw IN 
parallel to MF, and make ML zz MH, and draw 
FN parallel to^ ML ; then LNFM is the plan. 
Makfe the figure QCDP equal ^nd fimilarto.LMFN. 
And on the points O, C, D, P, raife the perpen- 
diculars OQ, . CR, DSi PT, equal to the con^ 
traded hights of the table by the obliquities of the 
lines OQ, CR, &c. Draw a plane ABV, thro* the 
points Q, R, S, T, whofe fides ihall bfe parallel 
to QR, RS, ST, TQj and finifli your table as in 
the figure. - . • 

ScHOLIUil. 

Drawing by this fort of perfpeftive, is no more 
than drawing the Ihadows. of all the lines of an 
objea, which the fun, (or a light at an infinite dif- . 
tance), cafts upon a plane; and then ihadowing* 
- the parts. 

1 he point of fight in this kind of perfpeSive is 
^ny where. For the eye is fuppofed to projeft any 
parts of the objeft, by lines perpendicular to the 
pi<Sur6 ; which comes to the fame thing as viewihg 
them from ari infinite diftance. 

This fort of perfpeftive is the beft for drawing 
fmall bodies, as things within a houfe •, and parti- 
<:ularly all forts of engines -, for Handing at a dif- 
tance, the fides that a^e parallel in the objedt, fcarce 
appear otherwife than parallel. And upon account 
of its eafinefs, it is an excellent method to learn to 
draw by, and very proper to.be praftifed by young 
iiudents that are learning tb draw ; for by this , 
they acquire a habit of judging of the pofitions of ■ 
the feveral pares of an objeft, and by that means 
' readily learn to draw by hand. The principal dif- 
ficulty is- to know how much any line, (or any other 
^ parallel to it) is contrafted in the draught, and to 
do this, either the angle which the vifual ray makes 
with that line muft be given ; or it muft be found 

by 
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by cx|)eniaetit ; . 9d tliefe being had, the thing will Fig« 
be eafy. But it muft be obienred, that the me- ao« 
thod here ufed of laying down the plan, is not ac* 
ciuate, but only an approximation; and is ufed 
only to avoid a more tedious and troublefome con* 
ftru^on. And therefore it gives not. the angles 
eza&Iy true. But for foch as would be exaft in 
finding the true repreienution of an angl^ I Ihall 
lay down the following problem. 

P R O B. 11. 

^0 find the apparent magnitude of an angle in nu* 
ktary perfpeStsve. 

Let ABCD be the plane, BAD the given angle at. 
in that plane. At the point A ere<5b the perpendi* 
cular AP, to th^t plane ; thro* AP and the eye (at 
an infinite diftance} draw the plane PAFG, which 
will be perpi to the given plane AC. Let the 
angle AGF be the elevation of tht eye above that 
pkhe, and let AF be perp. to FG, Then thro* 
AF and FG draw the two planes AFE, and FGBE, 
both perp. to AFG ; then fmce the three planes 
AFE, AGB, FGB,.are all perp. to the plane AFG, 
their interfedibns will be all perp. to AFG, and 
tonfequently parallel to one another \ and therefore 
FE p2u-allel to GB. Therefore if a ray paffing thro* 
F fall upon G, another ray parallel to it falling on 
B will pafs thro* E making FE =: GB. Therefore 
it is evident, the angle BAG in the plane ABCD, 
is projeded into the angle EAF in the perpendicu- 
lar plane EAF. And the angle BAG is the decli- 
iiation of the plane AFG (or of the eye) from the 
fide BA. Therefore in the triangle AFG, rad ; 

AG 
i.AGF : : AG : AF = -j^ X S.AGF, and in the 

D tri- 
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Vie. triafigie AGS, rad : tali. 6AB : : AG : GB* ± 

' "^ ^ /.GAB ^ therefore in the triangle AFE, rad : 

AG 
tan. FAE : : AF : FB or GB : : -p^ X aAGF : 

AG 

^X /.GAB : : S.AGF : tan. GAB. 

Cor. I . Hence^ asJ!He of elevation of ihe 9ft AOF 
nbove the plane ABCD : radius : : tan. declination 
BAG of the eye or vertical plane from ibe /tie BA : 
tan. of the apparent angle FAE, from the fame ver- 
tical plane h^G. 

Cor. 1. After the fame manner that the angle 
FAE is found for the reprefentaiioH of4be bngle 
QAB on one fide of the vertical plane AFG; 
the reprefentdtion of the angle GAD oh th'e itber 
fidey is found \ and eonfequentfy the i3&hli an^ 

Bad. 

p R o B. lit. 

Atrf figure or figufts heitii giyeH H tie g^Metrical 
plane J to lay them down in hpoperfitHatioAfor'ik'ik' 
ing them in peffpiO^e. 

22. Let AB be ihc gWiuhd KHe, CDEF thfe given fi- 
gure. From efcfjr pbint olf the figure, C, D, E, t*, 
draw perpendiJcUktt^ t<i the ground line C&, DH, 
F/, EK, and continue them till G^ = GC, Hi:= 
HD, 1/ z= IF, and Rtf = KE. Then draw td, k 
ef and fc. An^ the figure cdef is in a proper fitu- 
ation for drawittg. 

For if the ^lirfe CDEF Was to remain in it$ 
proper place, the projeftion of it in the pidure 
would interfere with the figure itfelf, and one of 
them would confound anpther. Therefore the ori- 
ginal 


i 
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gi^al-is transferee^ t^ the other fide of the ground Fig« 
line in ^n invettod poficion, as if the ^hok figure m. 
was turned upJido down over the line AB into the 
pofitioii cJef. And tlm is juft as it would appear 
by reflexion in a looking-glafk ; and therefore the 
bverted figure, viil by reflexsoa ihow the true fi- 
gate^ And as the diftances of the fewral points 
f, d, ij /are the f^oie as of the pdnts C, D, E, F, 
and in the fame perpcndicukrs to the ground line ; 
therefore they anfwer cxaftly the ianie ends, whe- 
ther the true or inverted figiirc is nude ufe of. 

Scholium. 

Hence in what follows, all figures placed in the 
geometrical plane, are fuppofed to pe traiifp(><ed 
to the other fide of the gr^unici line, at the' fame 
diftance, and there drjiwn in m inverted pQ(itioh« 
But it is not always neceflary that the figures be 
aftually drawn ; H is fulScient in many caie^, to 
have only the difl^nces of fhcir feyeral poirits from 
the ground line, «nd the points where the perpen- 
diculars cut it. For by having theie things^ 2^1 the 
operations may be performed as well as ii this fi- 
gures were drawn. 

PRPB, IV, 

To find the vam^ng line of 4^ plane, whofe in^ 
terfeSlion and inclination to the 'pi3ure are given. 

Let S be the point: of fight, PQ the interfeftion 23. 
of the plane witn the pifture. Draw RSP perpen- 
dicular to PQ^ anil SE parallel to it, and equal to 
the principal ray. Make the angle SER equal to 
the complement of (he angle, which the given plane 
makes with the pift'ure, interfering RP m R -, draw 
RV parallel to PQ, for the vanuhing line of the 

plane. 

D 2 The 
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Fig. The vanilhing line is the interfeftion of the pic- 

2^. ture, and a plane palling thro' the eye parallel to 

the given plane. Juft as the interfeftion of the 

' pidure and the horizontal plane, is the vaniihing 

line of the geometrical plane. 

For fuppofe the plane RES to be nufed up per- 
pendicular to the plane of the pi£fcure. Then as E : 
is the eye, and RV parallel to PQj a plane paifing * 
thro* ERV, will then be parallel to the plane pac- 
ing thro' PQ ; and inclined to the pi£hire in the 
angle ERS. Therefore RV is the vanifhing lin<^ 
fought 

P R O B. V, 

^4* Tpfind the accidental point of a right line \ having 
given its elevation en the geometrical plane^ and the 
angle its bafe makes with the ground line. 

I call that its bafe, which is a line drawn from 

' the point where it interfefts the geometrical plane, 

to the point where a perpendicular interfefts the 

geometrical plane, which is dirawn from the top 

of it. 

Let S be the point of fight, SP the horizontal 
line, XQ^ the ground line. Then as it is all one 
where the line ftands, if it be but in a parallel po- 
fition -, . therefore fuppofe it cuts the geometrical 
plane at X. Make the angle BXC the declination 
of the bafe, or the angle it makes with the ground 
line, and DXF its elevation above the plane; which 
here is towards the eye. Let SE, equal to the prin- 
cipal ray, be perp. to SP, and make the angle SEP 
= BXC the declination ; thro* P, draw PQ parallel 
to the vertical line SX. Then make PG = PE, 
and the angle PGR == DXF the depreflion, here 
below the geometrical plane } and R is the acci- 
dental point. 

for 


r 
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For imagine the plane ESP to be raifed up till it Fig. 
be perpendicular to the plane pf the pidhire SXQP, 24* 
then the angle SEP being equal to BXC, the plane ^ 
paffing thro' EPQ will be parallel to the plane in 
which the given line is, wbofe bafe is XC 5 there- 
fore PO is the vanifhing line o£ that plane. Then 
fince PG or PE is the diftance of the line PQ^froni 
E i and the angle PGR being equal to DXF, there- 
fore ER muft be parallel to DX (fuppofiiig ER to 
be right ov^r S, as was iaid before) ; and there* 
fore R is the accidental point of PX> dr of the 
given line, which is parallel to it, by Prop. VIII. ^ 

It is eafv to know, from the pofition of the given 
line, whetner the angle SEP is to be^ taken to. the 
right or to the left ; and whether the angle^ PGR 
h to. be taken upwards or downwards. ^ 

Cor. I. If the given line have no declination^ its 
accidental point is in the vertical tint SX. 

Cor. 1. If the given line he parallel to the geome^ 
ttical plans y its accidental point is in the horizontal 
Une SF. 

(Tox. ,3. Two. lines proceeding from one pointy make- 
the fame angle^ as two lines drawn^ from the eye, to* 
their accidental points d§. 

P R O B. VI. 

A point in the geometrical plant heii^ gtven\ tar 
find its appearance in the piSurCi. 

J. Let AB be the ground Bne^ DD the hori- 25^ 
zontal liney S the point of fight; D, D^ the points 
of cUftance. And let C be the point given,, tranf- 
pofed to the other fide of the ground linei Draw 
CF perpendicular to. AB; make FG =: FC, 
draw FS, then draw GD to the oppofite point of 

D ^ diftance 
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Fig. dittkrtc^ !D, tf *^e oi-iginal pm\t fe beydnd fte p ic- 
4J. *t?ure, X6 CKitSF in^ ¥hen ^ is t)fc image of C in 
thepidKire. 

S^dt if «h6 OFigifi^l paitit ht cto this iSde the pic- 

-tlvTre, yoti mtJft dwiw 'a fine fMtk 'G to the point 

<Sf fight dn the fame fide -, anfl then the ititerie^tion 

- wiiik SiF, ^v^s. ^he 'imiige of C befevr the gwurid 

• finfe. . • 

'For the trta*igles©^abdP^ ai^c fimilar, whence 

-DS : Sf : : FG : Fr-. ftut (by Vrep. XIV.) the i- 
'^flwge of C is in «he ¥}glit 4ine SF, and fo placed, 
tkk i^he principal rtty : Sc : ': ytftance 6f the point : 
l^c. *iat BS is ^^til to the prihGipal fay (by Dcf. 
'-XVI'), and FG fc eiiural to FC «he diftance of Ae 
»'poiflt. Therefc*e c is the iftiage of C. 

2i Otber'ways thus. 

Set oif the diftance FC ^both ways from F to G 
and A, and draw from A and G, two lines to the 
c^jipofitb p6rnts of diftance 0, -D ; and their »iiiter- 
^(^ion c is the plate of the image, if C is beyond 
the pifture. Otherwife draw lines to the jtobts of 
diftance on the fame fide. , - # • 

'For fihce AF — F(3. and BS n SD, therefore 
"DGiandD-Alnterfeft SF in 'the fdme point r, an'd 
confequently they interfeft ohfc another in the'vci^ 
fame point. 

3. Ortbks. 

When tife'diftahce of.the ey«, x>t the diftance of 
the point, is very great, or when the point D or 
the point G, falls without the pifture* Take any 
iliq^i^rpftt fof SD 'firopi S, ind the fame part of 
rFC ^r FQ from F ; and from thde points draw a 
lioe:to:iaferf^ SF, which interfedion ^will ftiil fall 
/upon the i&me point r, . beitaufe fimUar jparts are 
, .proportional lo: the whofcs. . 

j^ Other- 
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4. Othermfe. " ' • 

Let SD be the I^orizontal line, AB the ground 26. 
line, S the point <rf fight, C the given point tranf- 
|y?li(eci. Draw SE perpendicular to SD, aod equ4 
to ttp principal ray j and dr^w FC perp. to AB. 
4>raw SF, and EC to interfedt it in r, the image 
,fc\*ght* If the given point b« on tJiis fide the pic- 
ture, FC wsai^ l?je ta^cn upwiar<^. 

'Fjor the triangle £3^, and CFr are fim^ar, 
ais^^ce SE,: Sf : r GF : ]Pc. Therefore (Prop. 
XIV.) f, in the line SF is the image of C. Hence 
alfo, SE:Ef::CF:Cr. 

■ • • • 

5. Oiher:mife jj?m^ 

tet SD be the horizontal line, S the point oi %f^ 
Itglrt, AB the groisndiiBe, C the givra point pranC- 
p6fed. ^ Draw SE perpendicular to ^D, and eaual 
jto the principal liy. Draw the iine EC, then 
~^raw aiiy line CB and EL pardlel tjo it, draw UB 
ta interfcft EC in ^, the image of G. 
' '^ Jf the given point be on thi? fide the pifture,^ 
draw FC iipwards. 

FondrawiCF perpendicular to AjB. Then by the 
-pmrlar triangles ESL, CEB, and E^L, CBr y wi& 
have^ ES : CF : : EL : CB : : Fr : C^ : which comqfc 
jto the fame thing as the 4th naethod, 

6. Or tim. 

^'FtQOi tlie pointC/tranfpofed, draw two KnesCF^ 

ri'to tl^e ground iinei AB; and two lines EL^ 

% jparallel to them, from the eye at E, to the 

liprizoiital line -LI). -Draw LB, DG to interfcft io; 

f, Which will be the image of -C. 

For by the fimifer. triangles, the lines LB, EQ 
interfeft one 'another -in the fame point, in which 
DG, EC interfeftJ And therefore LB, DG inr 
terfcft in the lame point. 

D 4 7. Qthat-^ 
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Kg. 

7. Otberwife. 

28. Let SD be th^ horizontal line, S the point of 
fight, AB the ground line, C the given point tranf- 
pofed, CF its perpendicular. Draw from any 
point D^ two lines DB, DG, making any angle ; 
make DG ;= principal ray, and EG zz CF ; draw 
GB, and EK parallel to it, anei KC parallel to AB, 
cutting SF in r, the reprefentation of C. 

For by the parallels, DE : EG : : DK : KB : : 
Sc : cFj according to Prop, XI V, therefore r is the 
image of C. ' ' * - 

Cor. I . From hence the accidental point of any right 
line may be found as follows. » 

29. Let DE be the horizontal' line^ S the point of 
fight^ AB the ground line ; thfn fince the pol^doa 
of the line is given, its. interfeftion with the geo- 
metrical plane, and alfo with the pifture, is. given. 
Let.P be the point in the ' geooictrical plane tranf- 
pofed, and I that in the pidi^rf, ; Find the appeaiv 
ance of P in the pifture as at ^« And thro* I, p, 
draw EI/>F. Make as the diftance oi the fopt of the 
line from the pifture, PC : to the principal ray 
DS : : So is pi : to/^K ; and K v^ the accident^ 
point of the given line.x 

SO. For let PI. be the given iin.e, and let p be the 
appearance of P, in the pidture -, thro' jp and I, and 
the eye at D, draw the plane DIP/>, in this plane 
draw DK parallel to PI, then it is. evident (Def. 
XYIlJ K is the accidental point of PL But the 
triangles Ppl and D/>K are.fimilar, whence /K : 
pi ::Dp: pP. Let the plane DII^K revolve about 
the line DP, till it coincide with DS, then th^ 
plane DSCP is pierp.. to the pifture, and PC pcrp. 
to the ground line ; and the triangles D/S and PpC 
' are fimilar, whence Dp:pP::DS: PC. Therefore 

. />K:/I::DS:PC. 

Cor. 
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Cor. 2. lAt Ip inttrfcEt tht hmzontal Une m E, Fig« 
and the ground lint in F. . ^hm if pF : 'pE i : pi : 30. 
pK, .K;«rf/i be ib^ accidental point ef PI. 

For the triaiiglea Sj^E, CpF are firnilar, there- 
fore DS t PC : : Sp:pC ::Ep : j)F, and (Cor. i.) 
PS : PC : :/>K?|>Is whence ^E :j>F : :pK:pL 

SCHQLIUM. 

To avoid, confufion with inany lines^ if. two 
threads be fixt at the points pf fight and diftance, 
and be extended to the divifions o£ the ground 
line, their int?erfe6kion will give the points in the 
piftiMre. It may be fuflScient only to apply the 
threads. 

PR B. Vil. 

Anf right Une in the geometrical plane heifig given ; 
to find its appearance in the. pi^ure. 

Find the image of one end of the given line (by 
Jhe. laft Prob.) and in like .manner find the image 
ot the other end of it. Thejti a right line drawn 
from one of thefe images or points to the other, 
will be the image of tl^ given line. 

I • . ' Ex. I, 

\ 


Let FG be the given linf trai^lpofed i find the qu 
image of F at /, and the image; of G at g •, then 
■ d'^w/f, which is the reprefentation of FG. 

. ' Ex. 2. 

Let the given line FG be parallel to the ground ja. 
line PQ^ draw FP, GCL perpendicular to the 
ground line* .The^.find the image of F at /, and 
of G at g. And draw the line^ for the image of 
FG. 

Orjhorter thut^ draw SP and . SQ, and having 
found the point / as before, draw fg parallel to PQ v* ' 

" *' to 
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Fig. 4B Mt SQ^ in ^^ Then 4raw \fg for the image of 
3a. PO-^^ For (by Prop. IIL) the image ^ will be 

parallel to FG or to PQ^ And (by Prop. XIV.) 

It "W^ «be %&tmkMtd in the line SQ. 

»» 

J R O B. VIII. 

» 

*ji right lined figure in fbe geometrical plane being 
''jgi^en^^ fiffiikiit3repr^tatdmin.tkei9Sffrf. 

i^Todthe appcaucances <if aU tjbe angular points 
liiereof ^ the -pi&ure (hy Prob- VJ.) and draw 
lilies iposn iione to > aoother^ as in the iOr%in^. 

Or find the appearances of all the lines t^t 9019- 
pofe it, one after another (Jby Prob. VII J and that 
will ^ive ^he iqiage of the w^iole figure. j 

Aiad here sdUmes, perpendicular to the ground ' 
line, muft have their images tJrawn to .the point of 
%ht;. and all lipes parallel to the pifture, will 



^g}Azt figures, w8l appear of thctefdyes, 

^3, Let NOPR be a fquare, whofe fide NR is pa- 
rallel tp the ^ground line AB. DE the horizontal 
: liije, -S the 4)omtcrf fight, Malte GF ^ CN, ' and 
^tA =>ep. OC and'PI being perp. to AB. From 
S draw SG, ^,"^nd i^E to tnterfea it in » and j> 5 
draw ar, op parallel tp AB, and nopr is the Imzi^ 
,OT repreftntatipn of the fquare NOPR. ^ 

'^or fii^ce.GN = CF,* n is the image of N^ and 
;CA :being;-r: »GO ir iP =-IF, therefore^ is the 
; ihiage of fP, and therefore »^ 4s the image of 

Ex. 2. . . ! 

34-' , .cLet^LMIWP .1^^ reguiy pentagon, DE the { 
\ J^orizontai line^ S the point df fight, k& the ground j 

line. ^ 


I 

J 


\ 


/ r 


J 


/ 
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F 


^^ 


I. 
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fee. Fmm tie fwdral m£\ei jL^ P, O, N> M, Fig. 
ct fall perpendiculars upon the ground line, L/, 34. 
^, Mb^^Oi, and^Nifc. ' To the ^mt of fight S 
draw the lines A %g^» *S, iS, *S. Mdke/i 2=yL; 
md draw iD, to the point of fight D, cutting /S 
in /, the image of L. : Make g2 =: ^P, and draw 
;zD cuttilig gS in fj for the image of P. Make 
•^B = JbMy and draw fit>, cutting bS in i», for the 
Itm^e df M^ Make *3 =: itN, and draw 3E, cut- 
ifeg *S in J!^, ' l?he -image ef N. Make /4 = rO, 
tad draw 4E, cwtting iS in <?, the image of O. 
.ft^n draw 4ih« 4ines ef^ifly-lm^nm^ no^ which 
i&afces the image irf the pentagon, required. 


i^ I 


Sap{»fc^«ke 1Pw6fq«ares^/Pi fcen comer yife, 35. 
! We to be dnt^n^ Joining upoo the ground line AB. 
I S 4s the pdirit or fight, D one point of ^jdii^anccu 
■ iFrbnl ttll the arlgfes of the Squares let fill perpea- . 
diculars ti^dn^the gromidHnc AB; from the; points 
^f interfeltion -draw Hncs to the point of flight S. 
Wdke A/ ir //, .and 'from the Wmts A, <, rdraw 
lines to the point of diftance U, to interfeft the 
former; thefirft-in /, kytht -fecx^nd in %/tn^ the 
ttwrd^in^, IThfen V/t//, tirtd 7i«/r/ are die intages of 
©and^P. ^ 

Sh^ter this. Since the i^es of the fquares make 
half a right angle with the ground. line ; their re- 
pftfentatkwis will tend to the points of diftance, on 
tacih fide. Therefore from the angular points /, /, 
jdfaw lines td the^point of l^t Di and alfo to the 
point of fight on the *other 'fide; thefe lines by 
their interfeftions will give the angles of the fquares 
kt% ky /, fhj n. \ ' 

Or tbus. Draw /S, rS, fS, and draw /D to in- 
Tcrfeft thde ' xh 7, ^ iw. Thro* /, > /», draw pai^lels, 
«fi, tnk^ to the ground line AB ; and making// = 
/»; this gives the angles i^'k^ l^^m^ n. 

The 
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pig. ^ ^jKc reafon of tncfe operations, is evident i for 

35* /M == //, and /K =: /A, and rL = r/, &c Alfo 

fihce the lines ILN, and KM, are paralkl to AB ; 

il0^ ajid ^i»;wiU aifQ I^ parallel to AB. 

To draw a floor of fquares feen fore right. 

26. •. This may be done either with or without a geo" 
odctrical plan. Let ABGH be part of the pl^, 
wher^ the ground line AB is divided into the equal 
par ts^ Af^fg^ gb^ &c. equal to the fides of the fmall 
Iquarea. To the point of fight S, draw AS, /S, 
^S, hS^ &c. to BS. Then from A draw to the op- 
pofite point of diftancc, the line AE, which will 

^ C« the lijies^/S^ ^S, i6, &c. in feveral points, i, 
' ^5 3 V thro' whigh,. as many parallels muft be drawn 
to the ground line AB 5 the laft whereof is CF ; 
Ui which all the divifions are equal between C and 
F, and the fame equal divifions may be continued 
from C to K, and from F to I. And from thefe 
points of divifion other lines may be drawn from 
X which upon the line AE (going thro* the point 
of diftance E) give other points, thro* which more 
parallels to tjhe ground line are to pafs,. and thus 

^ the whole Ipace ABlK may be filled with fquares. 
And if more.b^ defired, draw from the point K to 
the.oppofite point of difl:ance E, the line KE, which 
will cut all the lines drawn from S> in as many 
points, thro' which new parallels muft be drawn tx> 
the ground line AB, which laft i& LN^ paffing 
thro* the point L, at the iftterfedion of SB, KE. 

. For fince/A =//, the point i reprefents 1, amJ 
^A being equal to ^K, 2 reprefents k ^ and as M 
=: bl^ 3 reprefents /, and fo on. And the fides oi 
the fquares being, parallel to AB, their reprefenta* 
tions in the.pifture, pafling thro' i, z> 3, &c, wiy 
^ be parallel to AB, by Cor. i . Prop. III. 


i 
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If a line be drai«nti from /or g or h^ &c, to E ; Figc 
that line will pafe thro' all the angles of the fquiires^ 36^ 
as ip^ell a$ the line AE, which pa&s thro* the angles 
1 9 2, 3, &c. For fuch a line cuts the lines drzvfti 
from S to the feveral divilions of ABy ifi the angu* 
lar points. As AE pafles thro' all the angular 
points ; therefore lE or 2E or 3£ {which are parts 
p£ the fame line) alfo pa0es thro' all the angular 
points. Therefore a line pafiing thro' any divifion 
in the firft parallel, or thro* any divifion in the fe- 
cond, or in the third, &c. will alfo pafs thro* all 
the angular points. And therefore a line drawt^ 
thro' F and Ei or thro' C and E, or. thro' K and ' 
£, will alfo pa^ thro' all the angular points of the 
iquares. * 

Ex. 5. • ^' 

To draw afioor of fquares fcen cornerwfe. . ; 

This alfo may be done cither with or without a 37« 
geometrical plane. Let ABGH be a part of a 
fquare feen fore right, which contains the little 
fquares. Here AB is divided into equal parts by 
the diagonals of the fmall fquares. Let AB be the 
ground line. DE the horizontal line, D and E the 
points of diftance, S the point of fight. Draw 
AS and BS to the point of fight, and from all the 
points of divifion in AB, draw lines to D and E 
the two points of diftance, of which the extremfe 
rays AE, BD, will cut the former in C and F ; 
draw CF, Then ABFC is the image of a fquare 
which contains all the little fquares v and the other 
lines drawn to D and E, will by their interfeftions 
form the images of the fmall fquares, feen angle 
wife. And to fill up the whole, divide CF into the 
fame number of equal parts as AB is divided into 5 
and draw lines from D and E thro* all the points 
of divifion, which will form the remaining fquares. 

For 
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Figi For fmcc the fides. of the BmHk fquarcs, lying 
g^, cm the geometrical plasne make Hyf a right angle 
with thie ground Itne, their appeairwces in the pic* 
ture will tend tfr the points of djftancc, as their 
accidental points, bjr Cor 3. Prop^ IV, And fincc 
AB is divided into equal parts l^ lines drawn from 
D or E 5 therefore all lin« jparallel to AB, and 
palling thro' the angular points, of the fquarcs, 
will be divided into equal parts by the fame hnes; 
and therefore EF is divided equally^ by the lines 
. drai^n from D and £ ^ to the equal divifioBs m 
AB continued. 

,Ex. 6. » 

To reprefent a floor of equilateral triangles. 

38. Let AB be the ground line, DE the horizontal line, 
S the point of fight ; D, E, the points of diftancc. 

' Upon the horizontal line DE, make an equilateral tri- 
angle PIQ ; fo that SP and SQjnay e^ch of them be 
'. ,half the fide of the triangle. To the point of fight 
:S, draw AS, BS. And from A and B draw to the 
points of diftance E and D, the lines AE and BD, 
inteifefting the former in C and F, Then ACFB 
isa fquare in which the equilateral triangles are to 
be rcprefented* Let ABGH be part of the fijuare 
ijpon the geometrical plane, AB beii^ divided 
into equal parts^ each equal to the fides of the tri- 
angles s from all the jpoints of divifuiin, draw lines 
to the point P> and rrom the fame points of divi- 
fion, draw lines to the point Q, and thro* the points 
of meeting draw lines parallel to AB. All thefc 
lines by their imterfeftions with the former, will 
inake the reprefentations of the triangles in the pic- 
<uc?, as required. And to fill up the fquare, di- 
vide CF into the fame number of equal parts, as 
AB is divided intio j then drawing lines from P and 
from Q^thro' all the points of divifion ; the fquare 
ABFC will be filled up with equilateral triangles. 

For 
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• t:lie fi^fes in the ^metifc^l fquare ABGB, F^ 
nominated by contajlued righc linei wUch im ^^ 
t i:he ground line in anr angle of 6a de^^teefs. 
IP^ and IQ^ dfo making an an^ 6£ 60 de^ 
i 'With the horizontalline DE; therefore P and 
^ill be the accidental points of the lines AH, 
, and all others parallel to them ; confequently 
l?rop, IV;) the appearances of all thele lihes 
d to the points P and Q^ And fuch lines ai 
i in the geometrical plane, being parallel to the 
lund line AB, their reprefentations in the pic- 
re as CF will be parallel to AB(bjrCor. i. Prop. 
I). Alfo (by Cor. 2. Prop. V.) the divifions of 
F will be equal ; and therefore lines dra^n from 
* and Q, thro' thefe . equal divifions^ will termi* 
Ate the remain^lg triangles, and fill up the fquare 
!VBFC. And if CF was continued and divided 
into the fame equal parts^ and Un^s dt^Wn ftom 
P and Q^thto' the feveral divifions/ thelb lln^s 
would form more triangles, and fo as much Ipacie 
OS you pleafe may be filled with thde triangks^ 

. ^oreprefent inperfpeHive a fio&r pf rtguhr btxag(ms% 

Divide the ground Unb AB into as nlahy equd i9* 

parts as you will, and defirribe a flodr of equibteral 

tiiaAgks, as in the lail example, all in obfcUre line^. 

Then join every 6 triangtes together, mating ih 

die center with all the angular points, 4nd draw 

lilies round them, which will ft>rm a hi^agon. 

ABGH is part of the floor drawn upon the geom^e- 

trical plane. ABCF is the perfpeftive fquare, 

formed by drawing A6, BS to the point of fight 

S ; and then drawing AE and BD, to the points 

of diftahce D and E, to cut AS, BS in C and F. 

AU the fides of the hexagons tehd either to the 

point P or Q; or elfe are parallel to the ground line 

AB-, 




Kg. AHj fb'reach of them is tte fideof^^^^ 
39* ral triangle, all which is evideot by the figure^ 
When the hexagons a«*e all finfihed in the pidure^ 
ibs fuperfluous bM$ may be rutibed out. 

PR O 6. IX. 

To draw dnf given curve line in perfptSive^ wtrick 
is Jituated in the geometrical planer : *: 


. I 


Find the images of a fufficierit ntrmber 6f points 
' thereof, (by Prob. VI.) and then join them neatly 
by hand; that is, by drawing a curve line regular- 
ly thr6' them, making no angles •, and the more 
' points are aflumed, the more exa£l: the work will be« 

40. Let CGK be any curve, DE the horizontal line, 
S the point of fight^ D, E the points of diftance, 
AB the ground line. Take the points C, F, : G^ 
H, I, Z, K of the curve, and let fall the perpen* 
diculars CL, FM, ON, HO, KiP, ZQ. Make 
Li = LC, and draw iD and LS to interfeft in c 
the im^e of C. Make MP •=. MF, and draw 
PD and MS to interfeft in /, the image of F. 
Make NP = NO, and draw NS and PD to inter- 
fe6t in ^, the image of G. In like manner make 
OP = OH, PB =, PK, PQ^= PI, and QB = 
QZ. And draw PD, OS interfering in b\ and 
draw BD, QD interfeding PS in k and /, and laft- 
lydrawQS interfefting BD in z. Then cfgbizk 
is the reprefentation ot the given curve. . 

Ex. 2. 

41. Let FNO be a circle, AB the ground line, DC 

the horizontal line, S the point of fight. Draw SE 

perpendicular to DC, aiid equal to the principal 

^ ray. Draw any number of parallels as FNG thro* 

the 
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tjie cirdc to cut the ground line^ as at G, and from Fig. 
E draw EC parallel thereto, cutting the horizontal 41. 
line in C* Then to find the image of any point 
F, draw EF, and CG interfefting one apother in 
/, which is the image of F. In like manner EN 
being drawn will interfcft CG in », the image, of 
N. And thus EO will interfedt CI in O, which is 
the image of O* And fo of the reft. 

For fincc EC is parallel to FG, C is the acd* 
dental point of FG, and all its parallels. Th^re* 
fore (Prop. IV.) the images of all thefe parallels 
tend to C; therefore (by Prob. VI. Method 5J1 
the image of F will be found at /, at the interfec- 
tion of EF and CG. And the like for the reft of 
the points. 

Other'iBiftfdr a Cinte. 

Let DS be the horizontal line, S the point of 4^« 
fight, D one point of diftance, AB the ground line* 
FTCH a circle, C the center. Draw the diameter 
FH perpendicular to AB, and ^ many lines as you 
Will parallel to FH, as GL, &c. Then find the 
image of the diameter FH, which is fl> -, and of 
all the points G, L, K, &C. as ^, /, ^, as ufual j^ 
and thro* /, *, jf, &c. draw lines parallel to AB, 
and continued to i, i, 3, fo that the diameter bf^ 
may biffedt the lines /i, *2, ^^3, &c. Then will 
I, 2,'3,&c. be in the curve, which muft be drawn 
by hand thro* all thefe points. 

SciloLltJM. 

The appearance of a circle will fometimes be a 
circle, when it is feen foreright ; and to find when 
this will happen, make the height of the eye a 
mean proportional, between the two parts of the 
line or ftation, taken upon the geometrical plane 
from the eye*s perpendicular, to the nearcft and 
fbrtheft points of the original circle. For let AB 
be the geometrical plane, LB the diameter of the 

• E circle 


50 PERS PEC TlVE. 

Fig. circle feen foreriffht, E the eye, EA the eye's per- 
43. pendicular, ES the princip^ ray, SH the pidure, 
and FG the image of the circle LB •, and that this 
ipay be a circle, the cone ELB muft be cut in fub- 
contrary pofition, by the planes AB and SH ; that 
is, the angle ABE muft be equal to the angle EGF. 
Draw CL paraltel to SH. Then the triangles ABE 
and AEL are fimilar ; for the angle ABE =: EOF 
n AEL, and the angle at A is common ; there- 
fore AB : AE : : AE : AL, and AE is a meanpco** 
portional between AB and AL. 

P R O B. X. 

To draw atPjf figure in perfpeBive^ by help of afi^sBtt' 
of fquares % callea tbt Method of Reticulation. 

44. Let A B be the ground line» DE the hotizoot^il 
line, D and E the points of diftance, S t^ie pows 
of fight. Make the fquare ABGH upon the ^c^xfi^ 
tine AB, in the geometrical plane, ,and ^vide tW 
iide AB into as many equal parts as vou pleaie^i 
and fet off th^ fame on BG ; thro' thele dlvifions^ 
draw lines parallel to the iides of the great iquate, 
which will divide it into little iquares or cejjl^. 
Then defcribe the given figure or figures in their 
true pofition^ in the great fquare ABGH. This 
done, draw the fquare ABGH m perfpedive, withj 
all the fmall fquares Within it, by Ex. 4. Prob. VIII. 
Then defcribe each part of the objeft in fuch a 
^uare or cell of the pifture, as you fee it deferibed 
in the correfpondent fmall fquare in the geometrical 
plane ; and draw the lines in a like fitiiation in one 
.as you find th^m in the other. And thus by goipg 
thro' all the parts fucceflively, the whole objeft of 
objefts will be deferibed. This method by ne^ 
work i$ very ufeful, for putting any irregular pl^c 
'figures in perfpcftive, confifting of many parts -^ 

which 
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\^hich itdiild rcqtiife 4 deal of time, tod the draw- Fig. 
ihg of a great iriany llries, the coirimdii way. 4.4. 

Let IKLMN be a piece of fortificaticrn. The pah 
I is fituated between the fecond and third fquarc 
from B, in the firft crofs rbw, therefore its image i 
mtift be fituitfed. bfct^eeh the fecoM arid third 
£{imfe of the piftuft in the firft crofs row. T&e • 
parf K lies on the fide 6f the third ^udfe from Afe, 
and of thfe fecond froth AH % and k its image like- 
wife lies on the fld^ off tHfe third fquare from AB, 
and of the fecdnd ffoni AC* L lie^ ih the thiM 
tell from AH,^ and ftcond frorti HG And its 
correfpondent / li^s iti thfe thifd cffl Ifbm AC, and 
the fecond from CF. M ritfiS into the corfter fquare 
at G i and w nins into i\ib cofrifer iqoare it F. K 
joins upon the fide 6g, in tkt thirf fquare frofn B; 
and n joins upon the fide BF, iri tire thiffd fq&^e 
from B. And the like for all other pahts of it, as 
the center, &c. 

P R O R XI. 

^0 fifii ihi iindgt of a fight tine perpendicular to 
tbt getftnetrical ptaiie^ at a given poiht. 

L Let AB be t^e'' ground fine, UE the horizon- 45. 
tal fint, S the point of fight, D arid E the points 
of diftance. And fet P be the .image of the given 
• point. Thro' the point P, draw any lirie Kf, cut- 
ting the horizontal line in K, and the groupd line 
in I ; make IH zz^ the length of the perpendicular 
given, and dfaw HK. t)riv/ PQ^ parallel to the . 
ground line AB^ cutting KH in Qj draw PG per- 
pendicular to AB and equal to ¥Qj xhcn PG is the 
reprefentatiort of the given perpendicular. 

For (by Cor. 2. Prop. III.) the image GP will 
be perpendicular to AB. Thro* P draw ML pcr- 

E 2 pen^icujar 
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the -pcrpendictiiar fUr": to length of its image : : 
height of the eye ML : diftahce MP : : (fimilar tri- 
angles) K,r : KP : : HI : QP ; therefore QP, or 
its equal PG, is the image pf that pefpendicular. 

2. Or thus. 

Let rV he the djftance of the perpendiculaf from 
the pifture, make VO n VR> and VN = given 
length of the perpendicular ; and draw VS, NS to 
the point of fight, alfo draw ND to the oppofite 
point of diftance, to cut SV in i ; and drawing 12 
parallel to AB cutting NS in 2, then 1 2 fet from 
P. in the perpendiciakr^ PM to G; gives PG; for 
the image of the given perpendicular. 

Eor it is evident by the procefs, that i is the 

. image of R, or of the foot of the perpendicular 

in,the geometrical plane. And therefore i and P 

^re^quidi^ant from AB. And fince* VN =HI, 

therefore 12 =: QP = PG. 

3, Or thus. . 

Draw EB perpendicular to AB, from any point 
E ; -in which fct off BT equal-to the given length 
'•of the perpendicular. And froni any point C in 
the horizontal line DE, draw CB, CT. from P 
the image of the foot of the perpendicular, draw 
BX parallel to AB, and XZ parallel to BT ; and 
Jaftly ZG parallel to AB; and PG, in the perpen- 
dicular PM, is the image of the given perpendi-, 
•cular. • *• 

For HI : QP : : KI : KP : : CB : CX : : BT or 

His XZ. Therefore XZ rz EP as required. 

^Cor. 'Htnce the image of a right line ftandinj[ ob- 

' liquefy upon the geometrical plain may be found ; by 

letj^hig f^iU a perpendicukr from tbetop^ and finding 
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its appearance^ and alfq the appearance of iht foot ofBig^ 
the Une itfelf^ 45. . 

P R O B. XII. 

To make afcale to fet off the reprefenta^ns of alt 
equal altitudes. 

Let AB be the ground line, DE the horizontal. 46.^ 
line. Draw BE perpendicular to AB, and fet off. . 
BT equal to the original height on the geometrical 
plane ; and from any point V, in the horizontal 
line, draw VB, VT. And from any point F re- 
quired, draw ,FG parallel to BT, ^nd FG i$ the 
apparent altitude. And thus all lines parallel to BT 
as .FG>^, &c. will reprelent equal altitudes at 
the points F, /, &c. 

Or if the altitude be greater than the height of 
the eye; in the perpendicular AD, fet off AH 
equal to that altitude ; and draw tines from A and 
H to any point V in the horizontal line DE, as. 
AY, HV. Then any line FG drawn parallel ta 
A.H, and comprehended between the lines AV,^ 
HV, will reprefent the altitude AH at the point F; 
of the piilure. 

^ A nd if the perpendicular objeft be on this fide 
of the; pi<fture, produce the lines VA, VH; and 
at Wf point /draw fg parallel to AH, and j^ will 
be the reprefentation of AH at the point /. . 

The truth of this appears by the 3d method ift 
the laft Prob. This is call^ a Flying fcak^ 

Scholiums 

It may be proper fometimes in finding an aiti-- 
tude, to do it in a feparate paper, and afterwards 
to put it into its proper place in the draught. And 
this is 4one where there is a multitude of linesy 
which will be apt to confound one another., 

E 3 ' P R O B. 




Perspective. 

p R o B. XIII. 

7*0 draw a f$lid k^y. in PerJpeSive. 

From all thq apgle$ of the body, let fall per« 
pendiculars upon the geometrical plane, and fia4 
the appearance in the pidtyre of all the pointy 
where' the perpendicuiars fall (bv Prob. Vl) ; upon 
SiX thefe points raife Derpehdiculars (by Frob. XI« 
or XII.^ of due lengOis, as tal^en fironfi the folid i 
the tops of thefe being joined . with right Mxies, as 
they appear in the body, will give the perfpe^ive 
draught thereof. ' Bj^t fuch Itrt^s muft be IdTt ou( 
a"s are hidfroQi the eye behind the body. Afi^ 
this being properly fhs^dowed, makes th^ draugli^ 
complete, and thofe planes muft be diadod tho 
deepei^ that are moft oblique to the eye* 
^ w there be any curve lines in the body, pei^ea- 
dicular&^mufi: be let fall from feveral of their^ points, 
on the geometrical plane, and the poinds ol inter^ 
fe&ion put in perfpe^ive, and perpendicularsereo 
ted of a due l^n^th } then dM the r^ft is to be done 
by hand. 

Before you begin, you muft make choice of fuch 
a pbfition gf the body, that the wprk may be the 
eafieft clone \ and that the moft parts of it (nay bb 
^en, and tha^ it may appear to the beft advaixtage. 
If a parallelopipedon be propofcd, it m^ b^pkced 
witb Vtie fi^e parallel to th'e pimire, fo that two 
faces befide the top may be fcen. If a folid has a 
triangle for its bafe, it may be fet to advantage, 
by placing one fide paraUel to the pidure. And 
i£ they, b^ fet tO touch, the. table, it ^ilk fl^^rtfin the 
wodL - 

In drawing aU l¥>dk^ you DfUfft havi^ its plan 
cjtaroj '<iui: upon the geometrical- plune. And if 
the body be, oiuck compounded^ yo^mufthavie the. 

front 
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front and profile^ or the fedions thereof made by Fig., 
perpendicular platies, which is to dircGt you in the 
altitudies of the feveral parts, and their places and 
pofitions. You rauft work by the pkn for making 
the bale of the body ; and by the front and profile - 
for getting the altitudes, to be ercfted uppn the 
leveral parts of that bale. The profile (hews thefe 
heights, and the plan fhews where they are to 
ftand. 

Exampk I. 

To draw a ctri>e in perfpeftive. Thfe is fb fim- 4!jl 
pic, tharit needs neither profile nor plan. Let AB 
be the ground line,^ S the point of^ fight, D the 
fmtit. of diftance. Let one fide of the cube be m 
^rc grocind line at EF. To the point of fight S„ 
draw ES,. ¥S. Alfo draw DF to thti point of dit 
tance, to cut ES in H. Draw HG parallel to EF^ 
to cut SF in G. Then EFGH is the bafe, upoa 
which at the p(Hnt» E,^ F, G, H^ are to be railed 
perpendiculars equal to EF. Therefore make EI 
and FK rr to EF. Alfa make GL and HM = 
HG, then I, K, L, M, are the tops of thefe per- 
pendiculars ; thci^draw IK, KL, LM, MI,, and 
f xi^Y compleat the cube. 

For fince the fides of the cube are atf equal, and 
EF, FK, KI, IE are aU m the pifture, their re-^ 
prefentations are equal to thefe lines. And (by 
ftob. XI.) HG is the image of EF ; and HG, 
6L, LM , MH being parallel and equidiftant fron^ 
the pfdture, are all equal in appearance. Therefore 
EGl 135 the cube drawn in pcr4>c6Hvei 

Ex. 2.- 
To draw a triangular prifm, whofe bale is an 47., 
equilateral triangle. Let one fide be in the ground 
line AB^ at NO. Find the appearance of the other 
angle of the bafe at P, by Prob. VL Then NOP 
k the baie« Make NQ equal to the height of the 

E 4 prifm. 
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Fig. prifm, and draw QS, and thro* P draw RV pa- 

47. ralkl to NQ, then fet off P/> equal to, RV, and 

perpendicular to BA ; alfo make N», O^ equal to 

NQj.and perpendicular to AB. Then draw »^, 

. opj pn^ and ^PPpno is the prifm required. 

jBy. 3. 
. g^ To draw a parallelopidedon,. whofe bafe is a rec- 
* tangle. Here P is the plan and Q the profile 5 
AB the ground line, DS the horizontal line, S the 
point of fight, D the point of diftance. By Prob; 
VI, find the appearance in the pifturc of all the 
points in the plan, as D, D, D, D, I, I, I, I, 
make FO equal to the perpendicular height of the 
body, draw OS, and thro' D, and I, draw the lines 
KD, LI parallel to AB : at D, D, eredt two per- 
pendiculars equal to KD, as D^, Dd. And at I, 
I, raife two perpendiculars equal to LI, as li, K. 
Then drawing the flant lines as in the profile, and 
alfo the lines di^ ii^ id^ dd. You have the paraUeJcK 
pipedon xequired. 

Ex* 4* 
Ag^ To draw a cylinder in perfpeftivc. Let AB be 
the ground line, SD the horizontal line, Sthe point 
of Sight, D the point of diftanccj OGHK the 
bafe of the cylinder on the geometrical plane. Let 
the diameter OH be perpendicular to AB, and the 
diameter GK parallel to it -, from all the points O, 
G, H, K, and as many more intermediate points 
as you will, let fell perpendiculars to the ground 
line AB ; from which points draw lines to the 
point of fight S. Make FC, FA = to FO, FH 5 
draw AD, CD to the point of diftance D, cutting 
SF in b and ^, fo will ho be the image of HO. In 
like manner g is the image of G, and^* drawn 
parallel to AB, to cut DC in k gives gk for the 
image of GK. And as many intermediate points 
niay thus be found as you defire. Then joining 
all thefe points by a curye line, gives the bafe of 

the 
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jthe cylinder gbko. Make CB the altitude of the Fig. 
cylinder, and draw BD ; and from Oy k^ b^ draw 49. 
parallels to AB to cut BD ; and the lengths of 
thefe parallels fet perpendicular at the points Oj ky 
ky g^ gives the altitude of the cylinder in thefe fe- 
vcral points ; and as many more intermediate alti- 
tudes may be fet up as you pleafe, by the fcale CDB. 
Then the curve 1234, drawn thro* thefe points, 
determines the top of the cylinder. If the cylin- 
der be an oblique one, inftead of raifing the per- 
pendiculars from 0^ i, h^ g^ they muft be raifed 
from the points where the perpendiculars from the 
top cut the plan, and at laft tht oblique lines i7i, 
*4, Z>3, gz muft be drawn, and the curve thro* the 
points J, 2, 3, 4, as before. 

£;r. 5. 

Let a pyramid be put in perfpeftive with a hex- go7 
i^onal bale. lyCt CEFGHI be the plan of the 
bafe. From all the angles of the bi^fe let fall per- 
pendiculars upon the ground line AB, and from 
the points of interfedtion, draw lines to the point 
of fight S. Then fetting off the diftances of thefe 
angles from AB, from thefe points, towards B^ 
draw lines to interfeft the former. Thus H, I, C 
are projected into ^, /, c. Then drawing lines 
from bj /, r, parallel to AB, will by their interfec- 
tions with the correfpondent lines, find the points 
g^ fy ^9 which are the projedtions of E, F, G. Then 
if P be the point where the perpendicular from the 
vertex cuts the bafe, find its projeftion p, as you 
did the reft. Set off the altitude of the pyramid 
from I (in the perpendicular Pi ^ to 2, and draw 
2$ ; and thro* /, draw ^p parallel to AB, which 
fet fromp to V, perp. to AB. Then draw lines 
from the vertex V to all the angles of the bafe, 
itfgbi i as V^, V/, V^, Yh^ Vr, V^ -, or rather leav- 
ing- 


51 


5« PEK S P E C TI VE. 

Fi|(* iiMf^ut Vc and V^, which are invifible, draw the reft 
fQ^ OJTlbe Imes, ai>d the pyramid is finifhed, 

Ex. 6. 

To draw the frufttiin of a fquare pyramid in 
perfp^ive* Let P be the jJan of the bafe, Q^ 
the profile. From all the angles of the plan, let 
fa^ perpendiculars on the ground Mne AB, from 
the 9oims of interie(!tioa draw lines to thepmnt 
of S%h% S. Then take fucceffively the difrances 
fif il^fe angles from AB, and lay them from their 
CQfr^d^pondent perpendiculars towards A ; and from 
ttie joints wher^ they fall> draw lines to the point 
€)f (§^Qce D» ^ interfeA the correibondent lines 
drawn towards S \ the points of intene&ion joined 
by right lines^ gives the perfpeftive of the bafe 
LMNO, and likewife of the interior fquare 1234. 
'I'hc^ make BC the perpendicuiar altitude of the 
:ftllllum^ accordirar to ^e profile^ and draw lines 
£mn any point \ as W^ SCJ From ^2^4. 
4raw p^raUelA to Afi, tn imerfeft S8» in certain 
|i^^^ from which odbier parailels^ muft be drawni 
tiP^BC» reaching to SC i and diefe laft parallels muft: 
be fet off frcon the corre^ooding points i , 2, g^ 4^ 
perfKodiciilarly ; thefe give the angles at the top 
aft 4 ^ ny Qi^ And the lines jnr, mn^ n9 $1^ being^ 
dir^^% give the to^ end of the fruftum ;^ and lafk^ 
\^y ^ mes /£., mM, and ^ drawn, and the fide 
£ji^^ and top m^ fliaded ;. the £ruftum \& finiihed«, 

. ^^' ^ 
Tq repcefent a hollow cube in perfocftive. Let 
F be the ba&,v from ^ the points ot it, let fall 
pet?p.endiculars: to the groiind line AB, and fet oflT 
tjiij^r diftances along RA, as before. Draw lines 
O^omi the firil: poims to % and from the Jaft to D, 
to interfeft in. the points erf the perlpeftive bafe, as 
^ JL, M, N, O, and i, 2, 3, 4. Make BC the 

height. 
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hc^ht, equal the fide of the cube. And make a Fig. 
fcale SCB as before for fetting off the altitudes^ 52. 
jpty draiidng from h^ i, 4, O parallels to AB, and 
^om the points of their interiedting SB, draw pa- 
rallels to CB, for the reipeftive altitudes at L, i, 
4, O, and thofe oppofite on the other fide. Seve- 
ral lines are left undrawn to avoid confufing fo 
fmall a figure i but the way of proceeding is evi<^ 
dent. 

Ex. 8. 

To draw feveral rows of fquare pillars^ at equal 53, 
d^i^aoces and of equal heights. 

Ff^ defcribe thp bafes or fituations of all thefe 
{Mll^r^ which is belt done by defcribing a floor of 
(quai3e$9 ?s in Ex. 4. Prob. VIII. and upon each 
sQw pf iquares taken at equal diftances, ereding 
perpendiculars upon the feveral bales, equal to the 
given height. Here the iquares are aJl equal to the 
d^^cd bafes of the pillars > the pillars being all 
finifhed, fuch fquares as are hid behind the pillars 
ouift b? rubbed out, and the parts that are vifible 
m^y be drawn in fuU. 

If iftftead of Iquare pillars you would have cy« 
linder% then the ^uares mufl be made equal to the 
d^mec^ of the cyhpders, and defcribe the repre- 
ientation of the circles of the bafes within the 
fquares, upon which perpendiculars muft be ere6ted 
as before. Or if they be cones, perpendfculara 
m\J^ be ereded from the nuddte of every corre- 
fpondent iquare, from the tQp of which two right 
lines muit be drawn to the fides. And after this 
manner any other* prifmatic bodies may be drawn, 
having any poligonal bafes, defcribing firit the bafes 
of the ^lygons in. tbe^r proper iquares, and ere6fc« 
i^g perpendiculars at every angle, of the height 
given ; and compleating the iblids. 

As to the iquare {Hilars, it is evident that two 
paiullel fides ase parallel to the ground line AB, 

and 
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Fig. and the odier two fides, which are alfo parallel, 

53- nmge to the poirit of, fight S. 

Here the foremoft pillars ftand in the ground 
line AB; but if they had been at fome diftance, the 
images of the firft would have beert diipiniftied, 
which requires fo much labour, more than if they 
bad ftood in the ground line. 

Ex. 9. 

^j To draw an equilateral crofs, fl:anding upright 
upon the geometrical plane. Draw the plan PP 
and the profile Qp. Let the plan PP be drawn 
in pcrlpedive, which will be cccc ; and from the 
points Cy Cy dy dy Scc. raife perpendiculars to the 
ground line AB, upon whic^ fet off the heights of 
the crols in thefe particular places, according to the 
profile, but diminiflied, becaufe it does not ftand 
upon the horizontal line. Then all the lines being 
drawn as in the figure, will give the perfpeftivc 
appearance of the crofs. 

If the crafs had been^ double, the plan would be 
the fiune as the profile PQ, and the fore part would 
come to the ground line AB, and perpendiculars 
muft be erefted at R, r, &c. of a proper height, 
and lines drawn to terminate the other ends of the 

. Ex. 10. 

g^. To reprefent a hollow prifm ftanding upon an 
f4gfi' Let P be the pjan, Q the profile when cut 
thro* the middle. Produce the lines of the plan 
till they cut the ground line AB, and from thence 
dravr lines to the point of fight S. Then letting 
. off^the diftances in the plan, 3>.i, 4, &c. along 
tbe^tound line towards A, draw lines to the point 
of diftance D as ufual, which will find the points 3, 
I, 4, &c. on the lines drawn to the point of fight, 

correfponding to the points 3, i, 4 in the plan. 

Theii 
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hen £rom the points 2, 2 in tte pifture, raife per- Fi^ 
cndiculars by the plan, which will give the excer- 55, 
al angles 2, 2 of the prifm, the points i and i arc 
he angles of it below^ and perpendiculars crefted 
i-i, 1, by the plan, will give the angles i, i at 
lie top. Then the lines 12, 21, 11, 12, 2i, 11, 
being drawn, give the external circumference of the ■ 
^refide of the prifm. Then to find the inner cir- 
imferencc bounding the cavity, from j, 4, &c, 
the line S2, raife perpendiculars according to the 
iirofile, which will be ff, fg ; thefe will give the 
Tints 5, 5, 5, 5, being the inner angles of the 
iternal poligon. And from 3, 3 raife other per- 
pendiculars, which are equal to rz by the profile, 
id thcfe will give the points 3, 3. Then thefe 
joints connected by right lines will give the inner 
)olygon, 53 5 S3 5'' ^^ drawing thefe perpendicu-»- 
irs, they muft be diminiftied according to their 
jlituation by Prop. XV, and ought to be drawn in 
I feparate paper, to avoid fo great a confufion of 
lines 5 then for the back fide of the prifm, or that 
from the eye •, fince the pofition of the piifm is fuch, 
'. that its axis is parallel to the ground line, the in- 
terfeftions of all the faces with . one another, will 
I be parallel to the pifture ; and therefore to find the 
angles, draw from the points i, 2, &c. lines pa- 
rallel to AB, whofe length muft be 2B, but dimi- 
nilhed according to their fituations ; thefe give the 
angles 6, 6, 6, which joined by right lines give 
the appearance of the back fide of the prifm 066, 
as far as it is vifible. Then for the inner part, 
from 3, 5, &c. draw lines parallel to AB as before, 
but diminiftied by Prop. XV ; which will give the 
points 7, 7 ; and lines being drawn from one to 
another^ will give part of the inner poligon on the 
back fide, fo far as it is vifible* thro' the hole. And 
the planes that bound it, being properly fliaded, 
we have the reprefentation of the hollow prifm as 

required. 




Fig. required. But it is ifaipoffible to reprefent all the 
operations in fo fmall a draughts 

Ex. II* 

55, To driM d tr6Ugb iH ferfpi^ive^ bting a hblbm 
paralkhpipedon. 

Here P is the plan, and Q^the profile of per- 
pendicular fe^tion. Frbnl all th^ angles in the plan, 
draw lines perpendicular to the ground line AS, 
and draw lines from thence to the point of fight 
S. Set their diftances toward A, and draW lines 
from thence to the point of diftance D^ to cut the 
former, which will give the points «, », &c. in the 
pidhirc. From the feveral points », raife the per* 
pendiciilars nd^ in the pidture, being the reprefen* 
tation of no^ no^ &c. in the profile. Likewife ereft 
the perpendiculars »r, »r, &c. to reprefent irr, nt 
in the profile, which will give the bottom of the 
trough. Having got the points », », on one fide, 
y6u need only draw futy nn^ tec, parallel to AB, to 
cut th6 lines proceeding from S, which will give 
the points^ tti », oA the oppofife fide. In lite nian* 
ner, havirfg got the points Oy 0^ &c. on one fide, 
thofe on the 'Other fide are had by drawing parallels 
to AB, to cut the perpendiculars on the oppofite 
. fide, which gives the points 0^ 0. Then the lines 
fw, nn^ &c. b^ing drawn give the bafe ; ^and m, «, 
&c. likewife drawn, give the edges at top, on the 
outer and inner f;de. Likewife rr^ rr^ &c. drawn 
makes the bottom. And »<?, noy &c. drawn give 
the corners, which finilhes the trough. 

tjt. 12. 

30 draiti) a paratlelofipedon leaning agiat^ a wait. 

gy^ Let P be Ae plUhy Q thfcprofiW, or froiit iit». 

^'' Frbm allthc pdints r, 2y: i, i*, i*here the ^Ikii cuts 

the grotiiid lind A% 4raW lifi^ to tHef-pbiiit 6i fi^ 
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S; then fetting the diftance* of i, 3, &c towards Fig. 
B, draw lines to the point of diftance D, to intcf*- $y. 
fedk the former in points of the bafe, where per- 
pendiculars are to be erefted ; which being done, 
, by the profile, diminifhing thofe that are pn the fur- 
ther fide ; the points 4, 4, 4, and 5, 5, 5, are founds 
which are the corners at the top. Then thro' thefe 
points, drawing lines as in the fdlid itfelf, we have 
1444 for the firft face, and 555 for the further face 
of the folid. Draw 45 and £4, afid the foM<i is 
finiihed. 

P R O B. XIV. 

^ofind the image of the Sun in the piSure. 

Let DR be the horizontal tine, AB the grotiNl ^g. 
line, S the point of fight, D the point of omance^ 
Draw QS perpehdicular tp DR, ^id make SQ^2t 
SDy and make the angle SQN equal tcy the fiiil^^s 
declination from the vertical plane, on the kft or 
r^ht, according as the ray drawn thro' the eye zsni 
• the fun interfe^ the pidure. Then draw NI> per* 
pendicukr to DS, and take NR ir NQ^ aildaud^ 
die angle NRL equal to* the fan's altitude, above ^ 
or below the horizontal line DS, according, as the 
fiin's Fay drawn thro' the eye intcrfefts the pifburtf ; 
then L is the image of the fun in the pifture. ifeUb 
draw LI parallel to DS, to cut QS in» 1,. and N is 
the point of decUnationy and I the point of indin^ » 
Hon in the picture. 

For if the trian^e NQS be raifcd up till it ftand 
perpendicular over NS ; then fincc the Ime SQ^is 
equal to SD the diftance of the eye from the pa^ 
ture; and the angle SQN, is the declination' of 
the fun from the pi6ture ; therefore the lun> image 
will ht fomewhere in the line NL. Again, fince 
NR is equal to NQ> the diftance of the eye frorai 
N, and the angle NRL is dbe fun's^ altitude, there- 

« fore 
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Fig. fore he is in the point where RL interfefts NJL, 

58. and that, is at L. 

Cor. If the fun is in the plane of the piSurCj his 
place L will be at an infinite difiance^ in the line HL, 

For then his declination from the vertical plane, 
is 90 degrees; 

PRO B. XV. 

59. Td find the appearance af thefbadonn of a right line^ 
perpendicular to the geometrical plane^ to the piSuri^ 
or to the vertical plane ; ifafi upoi that plane j or their 
parallels^ by the fun^s light. 

I. Find the appearance of the fun in the pi6hirc 
Ht L by the lad Prob. and alfo the points N and L 
the points of declination, and inclination, And 
let GH be a line perpendicular to the geometrical 
plane. Thro' the point of declination N and the 
foot (rf the line H, draw the line NH, which muft 
be terminated by drawing the line LG from the 
place of the fun thro' the top of the line G to in- 
terfea NH in M, then HM is the image of the 
ftiadow of GH. Alfo the ftiadow of GH upon the 
pidure or vertical plane will be parallel thereto. 
' And therefore the image will be perpendicular to 
AS* 

For (by Prop. XXIJ the (hadow MH tends to 
N, the point of declination ; and M is the fhadow 
of G. Therefore MH is the fhadow of GH. The 
reft follows from Cor, 2. Prop.* III. 

1. lyct FK be a line perpendicular to the piC' 
ture. ^et fall FC perpendicular to the geometric 
cal plane, and thro' N and C draw Nr/-, thro' L 
the fun's place and F, draw LF/, cutting NC/ ift 
/; 'whieh, is the fhadow of F. Draw fk toward S, 
' likewife draw LK cutting /t in /fe, then * is the 
ihadow of K, and confequcritly.yife is the image of 
• . the 


' { 
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the Ihadow of FK. And by Prop* XXI, fk muliFig. 
tend towards the point; of fighi: S. And if the 59. 
Ihadow of FK falls upon the vertical plane, its 
i^adow will be parallel to FK, and its image will 
tend to S. 

Let PQ be- alfo perpendicular to the piftufc^' 
draw QR parallel to SL, and QR will be the di- 
reftion of the Ihadow in the pidture ; fuppofing the 
fun on your back, and it is terminated by drawing 
LP from the place of the fun, to the end P of the 
line, to cut QR, fomewhere in the plane ARQj 
for the part of the Ihadow that falls without the 
plane is loft. For if it cut it at R, thdn R is the 
ihadow of P, and QR the fliadow of QP in the 
piAure j and if a line perpendicular to the pidture 
was erected at S, it is evident its Ihadow would 
tend to L» But PQ being parallel to the line at 
S, its Ihadow by the fun*s light, will be parallel to 
the Ihadow of the other, or to the lir^e SL, as is e* 
vidcnt l^y Prop. XXL 

3. Let VZ be a line perpendicular to the verti- 
cal plane. Thro* the point of inclination I, and 
the foot of the line Z, draw the line I2tr, which 
is the indefinite fhadow of V?^, and muft be ter- 
minated by drawing the line LV thro* the place 
of the fun, and tlie end of the line VZ, to inter- 
fefl: the ihadow Zv in v ; then Zv is the fhadow 
of VZ in the pidture, or its appearance. 

For (by Prop. XXI J the image of the Ihadow 
vZ tends to 1 the point of inclination, and v is 
the Ihadow oif V; therefore Zv is the Ihadow ot 
ZV, upon the vertical plane Zx^i, fuppofing the 
fun in your face •, othcrwife the Ihadow muft be di- 
rpfted the contrary way. 

Again the fhadow of VZ upon the geometrical 
plane will be parallel thereto (by Cor. 1. Prop. 
XVIII), and therefore parallel to the ground line 
AB ; and this Ihadow being taken, as an objeft, its 

F appear- 
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ITjg. appearance in the pi(Slure will aifor be parallel tij 
go. AB^ by Prop. HI. Likewife the Ihi^ow of VZ 
upon the pifture Will be parallel: to VZ, and that, 
{kadow coincides with its image. 

. Cor. I . Heuce if a line be perpendicular t0 the ^o^ 
metrical plane^ the image of iujbadw? upon the wr-r 
tical plane ok thepiSlure^ is perpendicular to thegroimd 
line. If a line be perpendicular to the p^me^ the 
image of its fbadfm upon the geometrical plane, and 
Vertical plane^ tends to the point of J^ht. And if a 
tine be perpendicular to, the vertical plane^ the image 
of thefimdow upon the geometrical plane^ or ibepic^ 
ture^ vnllke parallel to the grband Hne. And tbefiame^ 
of their parallel planes. 

Con 2. When the fun is in the plane efthe piSMr^ j^ 
the image which a right line perpeetdfcul^. totiheige^ 
ometricai plane, cafts upon that 'plan^or its paraiJ^U^ 
isparattet to the ground line % upmthe vertu^al J^la^ 
or its parallels y is perpendicular to the graufid line. 

For the point N In this cafe k removed to a» 
infinite diftance along the liae 50* and therefore 
NHM wiH be parallel to AB, which is the ap- 
pearance o£ the fliadow of Ofl. 

Gor. 3 When the fan is iH the plane ef the pic- 
ture i the image whi^h a line perpendicular to the pic- 
ture, cafts upon the piBurt or its par aUeli, is parallel 
to LS. Upon tbH geometrical plane or its^ parallels, 
tends to the pomt (fjghf , upon the tfertitat plane or 
its parallels, t^ds to the point of fight. 

For if a line be ereded at L, perpendicular t(^ 
the piflure, LS will be the Ihadow thereof; and aB 
lines parallel to that line, will hare their fhadtjw 
' parallel to one lanother and to L9. When the 
ftiadow falls upon the geometrical or verticil 
plane ^ then the real Ihadow will be perpendicular 

to 
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Hi tKe piaure ; ii^A cdhlequenthr its image teads Fig. 
to the point of fight. ^q, 

e6'h 4. ^PTSlw ibi/in H in ihe plahh tf iU ^tikre ; 
theAm^i of b iiiii ^erpitiHtratar fd tie 'bWiicdpdiiey 
fuUii^ 0^ ii or Hi pMraUels; ibill Be j>ef-j>eMitular to 
the ground tine. On the geometrical plane or its ^a- 
ralkls, is parallel to tie ground line. , Upon the pie» > 


rallel to IS, or perpendicular to AB. And on 
the geonietricftl f)rani tHe real {had6\^ is f^f ^IM to 
th6 grotind line, and therefore ks image ii dlft ^^ 
railel to the groi!md liiii. 


\ i-fc ♦ 
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• - • - • • 

^ofihd the ifriage ^ the fiadow if a right Unt 
falling upon M inclined plani^ bjtbefun^sli^t. 

Let CE be a right firife b> i^ ttori|ht ofceft 60; 
Upoh the geometric^ pllh^i PFQ^an athque plihe 
cuttihi the gebmitrical pl^* lU i\it lifte RV ; let 
©KB be a plaiie paraltet trf thfe Vertical ^hht; iisA 
therefor^ pferpen^tiuUr td thfe gfe6metrical ptln)e, 
and cutting the oblique plane RQ in the line P^^ 
and the geometrid al pUrtfe ift ^B. Let N be the 
point of declination^ a;id J thte p6int of inclina- 
tion, ia being the /uix*s place. Thto* E the fobt 
of fhe t)bje6t, and N the pdint of decimation, draw 
N:^G to the fo^t (^i the ^lanc OKB. From G 
raife the perpendicular GH, to cut the top of the 
obKqpe plane PQ^ in H, and from F, where tAe 
line NG cuts the bafe of the dbliqUe plane, draw 
in. Laftly from thp place of the ixin L, draw 
the top 9f the objfft C, the line LCZ cutting FH 
in Zi where the IhadoW ii terminated. Then EFZ 
is the (hadow of the objefi: CE, 

F 2 For 


68 PERSPECTIVE. 

fig. 'For (by PrObrXV.) EFG is the direftion of the 
6o, fliadow of the objefl CE, and GH is a part of the 

fhadow when the oblique plane is taken away. 

Therefore FH is the fliadow upon the obliqUc 
• plane. And this is terminated at Z by the line LC 

produced to cut FH in Z ; where Z is the fhadow 

ofC. 

Cor. I . If the oblique plane RQ was taken awof^ 

the Jhadow would be KGH ; the part EG. upon the 

' horizontal plane J and apart of GH upon the per pen- 

dicular plane. ' ^ . 

Cor. 2. If the ohjeH CE had been higher ^ a fart 
. of 4he Jhadow would have fallen upon the Une HT •, 
and then the Jhadow of CE would have fallen upen 
the three planes^ NB, RQ, iJ»JBO. 

Cor. 3. After this^ manner it will be eafy to trace 
the Jhadow of awf perpmdicular objeSt thro* any num" 
her of planes however Jituated. 

• Cor. 4. If the- obje& is not perpendicular to the 
geometrical plane f yet Us Jhadow mwy be founds by let- 
ting fall a perpendicular from the top as CE, and 
finding the point Z as before •, and drawing thro^ tbi 
footy which fuppofe to be at- ?, the line N^V, and t ben 
drawing VZ. 

Scholium. 

• 

This fuppofes the fun to be beyond the pifturc v 
but if it is behind your back, yoii muft raife the 
plane OB perpendicular to the geometrical plane 
as before, but parallel to the pifture. Ana the 
reft of the work will be the fame. Here if the 
line NE does not cut the bafe RV of the oblique 
plane, or if LC does not meet FH ; the fliadow 
will not fall upon the inclined plane. If a line is 
drawn from L thro* any point i of the line CE, to 
:cut the line NE produced in.2 j then will 2FZ re- 

preftnt 
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ptfefcnt the ftiadow of the part of the line Ci ;, and Fig. 
E2 the ilhadow of the part Ei upon the gebme- 60/ 
trical plane. The Ihadow of the point i will be , 
reprefented by 2 ; and fo the reprefentation of any 
pcunt of the line CE may be found by drawing a, 
line thro* L and thro' that point ; and fo it will be 
known whether that (hadow falls upon the geome- 
trical plane, or upon the oblique' plane, or upon 
the perpendicular one. When the fun is in the 
plane of the pifture, the points N and I vanifli,. 
being at an infinite diftance, and then the line EF 
niuft be drawn parallel to the ground line AB^till 
it meet the oblique plane in F, at the common in-^ 
terfeftion of it with the vertical plane -, and pro- 
ceed with the reft as before. 


K- 


P R O B. XVII. 

H'ojind the image of the Jhadaw of a hody upon tbr 
geometrUal planCy when the fun is in the plane of the 
fiSlure. 

Let fall perpendiculars from all the angles of the 61 
body upon the geometrical plane ; from all the 
points of interfeftion, draw lines parallel to the 
ground line, continued on the oppofite fide of the 
light. Then from all the angles of the body, draw 
lines parallel to the rays of the fun, to cut the for- 
mer fines drawn thro* the feet of the perpendicu- 
lars, each with. each -, the points of interfeftion will 
determine the ends of the Ihadow. 

• Examp. 

Let DEF(j<? be an inverted pyramid, whofe vertex- 
is at Oj in the geometrical plane ; from the points Q,. 
E, F, G, let fall the perpendiculars Dd^ Ef, Ffy 
Gg^ upon the geometrical plane. From ^, /, gy^ 
dr^w the lines ei^, fiy gi^ parallel to the ground 

F 2 linft 
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Fig. line J£^^ T4^4bp' E, Fywd Q, <iraw ^c Uqp^ 
61. El, I;?, G3, parallel to the fu>Vray LS- tS^ 
being the ftin*? altitudf . The firft jnterfejSts ^i at 
I, the fhadow pi" E ; the fefond interie^s/a at z, 
the (hadqw o£ F/ a|id ^he thirci intprfpfts ^3 ai: 3, 
which is thefhadow G.. The poipt IJ is oniittciq^ 
being on the, other iide of the bfli^y, can give no 
fliadqw. THen d^awins 01^ 12, 23, 02 5 thele 
lines terminate the fhadow of the pyr^micl. For 
io]^ti^ llmclqw of fhe fide E^» fnd 1 ? of the line 
EF ; 23 of the line FG/ anci ^0 m &?4pF of '^c 
line Go. And therefore ^i 2 1^ is the fla^ow of the 
pyramid ouJ^FG. ; - 

P R 6 B. XVIH. 

91? /W /i>^ if^£< qf the Jbadow of a Body upon 
the geometrical plane 5. when the fun is out of the plane 

Find the fun's place .in -the pii£hihe, as alfo the 
point of declination. Then from all the angles of 
the bp^ let fi^ll perpendiculars ^wn the honzon- 
tarplanje. ■ Thro* the places where they fall^ draw 
linC3 h^^ the ppii?t 6f the fun*s declination, con- 
tinued bgypnd tlie kK)jiy. Then ^raw lines frona 
. tiie fun's plac£ t,hrp' aU the.afl^s of the body, to 
cut the foirnier -, the points of intene6tipn will ter- 
minate thf? Oiadpw oi^ thefe perpendiculars 5 and 
the ppinjs of inteirfeftipn Wng' ]9}^^d by right 
lines, terrfiinate this fcadpyr of tbe bpdy, as repre- 
fented in the pifturc. t^Iote, fuch lines as lie rieict 
the light and caft np flia4ow jpay -be left: out. 

. Examp. 

02, Let C][% 1>5 die fruftum of a pywnifd. Eipd. 

L the'placip c^.tKe lu^ N the poirit ofldgcliriation, 

ir^ thf^ hprj^Of^fpl Ufie IJS ^ k% is'the groupd line. 

*.- -". ^ ' ' ^ ' From 
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From the points C, D, E, which lye from the (un. Fig, 
let fall the perpendiculars Ccy Ddf, £^, upon the 62 « 
horizontal plane. Then thro* Cj dy e^ draw from 
N, the lines Nf, Ni, N^, continued beyond the 
fhiftum, and thefe are the indefinite fhadows of the 
perpendiculars Ccy Di, E^. Then to determine 
the fhadows of the points C, D, E, draw from L 
the place of the fun, thro* thefe points, the lines 
LC4, LD5, LE6 ; catting the former lines drawn 
from N, in the points, 4, 5, 6, which are the fha- 
dows of C, D, E. Then drawing the lines 14, 
45» B^> %> ^^y give the Ihadow of the fruftum 
required. 

Scholium. 

If p»t of the Ihadow fall upon an inclined plane, 
it may be found thereon, by finding the' fhadows 
of the feveral perpendiculan, after the manner of 
Prob. Xyi ^ and then drawing lines from the ex- 
treme pomtt" whk^h will terminate the fhadow, 
A»c! by Frob. XV. the appearance of the fliadow 
of a fine faffing perpendicular to the prfture or ver- 
tical phne may be found, or of any number of 
lines, ahd consequently that of a furfiice or folid 
may be found on any of thefe planes. 

In drawing-' any forts of fhadows^ they mnft bfc 
taken for objefts; and therefore their reatpofitionSj^ 
upon the puncs they faH on, mufl be known. 

PROB. XIX. 

fi^ai^w of i^poiM, ^ Unfy a fjurfacs (nrfoHd^ eipofei 
m a ftmlt Ugit . 

9 

Fiom th^ pokit given kt' fall a peirpendicular tQ» 
the gcotnetnicat: plwie v Mikewife from the light, let 
&U a per^ndicubur to the &>me plane^ to have tho 
fisfOt of tjke Xx^m. TheQ^ftom- the foot of the light 

F 4 dravK 
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Fig. draw a line thro* the foot of the perpendicular, 
which is the diredion of the Ihadow. Then draw 
from the light thro* the given poii\t, a right line 
cutting the former, then the point of interfedion 
is the fhadow of the given point in the pifture. 

And the line contained between the foot of the 
perpendicular, and this point, i3 the fhadow of the 
perpendicular. 

After the fame manner if another point is given, 
the image of its fliadow m&y be found,' and the 
line drawn between them is the image of the Ihar 
dow of a line drawn between the two given points. 

And thus the^ reprefentations of the fhadows of 
all the lines and points in a folid .may be found, 
and confequemly the image of the Ihadow of the 
whole body, 

63. Let EHG be a cube Handing upon the geom&- 
trical plane ^ L a fmall light, LP a perpendicular 
upon that plane. Then to find the fhadow of the 
point F, draw from the foot of the light P, thro' 
the foot of the perpendicular G; the line PG3, 
for the direftibn of the fhadow* Then draw thro* 
the light L and the given point F, the line LF 
continued to interfefl: the former in 3 ; then 3 is 
the fhadow of the point F ; and G3 is the fhadow 
of the line FG, 

Again for the point E j from the foot of the 
light P d Aw PI thro* the foot of the perpendicular 
EI, continued ; thtn thro* the light L and the 
point E, draw LE continued to interfeft the other 
in 2 i then 2 is the fhadow of the point E.; and 
1 2 the fhadow of IE. And if 23 be drawn it is 
the fhadow of EF. And G32I is the fhadow of 
the plane GFEI. Again, for the point C and line 
CK ; thro* P and K draw the line PK continued 5 
and thro* L and C draw LC to cut the former in 
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I ; then I is the (hadow of C, and K i of KC. Fig, 
Therefore drawing 12, 23, 36; we fliall have 63. 
123G for the image of the ftiadow of the cube 

CGE- 

Ex. 2. 

Let DI be a cylinder, CE a perpendicular beam, 64* 
iL a fmall light, P its foot, GF a perpendicular 
wall. To find the fhadow of the beam CE. Thro* 
the foot of the light P, and the foot of the beam 
E, draw PEF, which is the direftion of the flia- 
dow upon the geometrical plane ; where it touches 
the foot of the wall at F, raife FG perpendicular 
to the ground line. Then from the light L, and 
thro' the top of the beam C draw LCG, cutting 
FG in G, which is the height of the (hadow. At 
the place I wHere the ihadow meets the cylinder, 
fet olF the diameter of the cylinder, above the line 
EF, which will find the higheft point of the cylin- 
der, thro' which the fhadow is to pafs, and thro* 
that defcribe a fcmicircle for the form of the fha- 
dow. From L to touch the top of the femicircle 
« I, draw the line LH, which will interfeft PF in 
H, the point to which the fhadow of the cylinder 
reaches, at the point 1. So that between H and 
the cylinder, we have the fhadow of the cylinder ; 
and beyond that is the fhadow of the beam. As 
it pafTcs over the cylinder, it is in form of a femi- 
circle ; and ftrcight, from E to the cylinder. The 
truth of all this appears from Prop. XXII. 

-Eat. 3. 

Let CE be an upright pofl, L a fmall light, P €^^ 
the foot of it,. FG a flight of flairs ; to find the 
fhadow of the poft CE, upon the fteps. Thro* P 
and E, the foot of the light, and the foot of the 
. poft, draw the line PED, interfering the horizon- 
tal line SD in D; and where it meets with the 
bottom of the firft ftep at i, there is a plane pjr- 

pendicyiar 
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Fig. peadieqlar |o the ^geometrical plane^ draw the line 
6$, I* upQB it^ perpepdicuUr to the ground line AB j 
; tall meeting with another plane at a, parallel to 
the geometrical plane; draw 23 towards D upon 
that plane, till you come to 3, where is another 
perpendicular plane ; upon that draw 34 perpendi- 
cular (o AB, till you come at 4, where you meet 
f notb^ hcirizontal plane, thro' which draw 45, ftill 
dire^ed to D j and at five where you meet with 
another perpendicular plane draw 56, ftill perpen- 
dicular to AB ; and then upon the next horizontal 
pUne a Kne fron^ 6 tending to D, .which runs o^ 
t^e fteps^ and fo there is an end of the ihadow«, 
If from L the point of light, and C the top of 
Ae poft, th? line LC be drawn, it cuts none of 
the former Knes, and therefore the Remainder o£ 
the fhajiow at top is loft, and no where to be found. 
For thjB plane of the fhadow qf CE, being per- 
pendicular tQ the horizontal plane, will cut the 
- planes of the fleps which are alfo perpeftdicular ta 
the horizon, in the lines 1^, 34,^ 56» which are 
perpendicular tq the ground line AB, which beinjj 
paralli^l to on^e another, a^d to the pi6ture, their 
s^ppea^'ances will alfo be perpendicular to the ground 
Khe, by Cor. 2. Prop. HI. Alfq fince the. plane 
of the fltadqw interfefts the horizontal fteps in lines 
parallel to one jjnother and to the line PD, their 
im^ages 23, 45, all tend to their accidental point 
(by Prop. IV.), but (Prop. VIII.) their accidental 
point is in the horizontal line SD, and therefore 

• at D, where PE interfefts it. 

I 

Scholium. 

9r ^ B^^ n^ethod, the reprefentatibn of the Iha* 
dow of any point, line, &c. may he found upon 
any oth^r plane, by letting fall a perpendicular 
upon that plane, from the point' of the light, and; 
alfo fron) the point given j as may eafily be ga* 

. thered 
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thcred &Qin what is delivered at Prop. XXIL gnd F^* 
the foregoing Problems. For the flia4ow of any 
point in the perpendicular, will be fomewhere in 
thp fliredbon of the ihadow, and the dire&ion of 
the fhadow is the lin^ drawn uppn that plane thro* 
the foot of the light, and the foot of the line. And 
the (badow pf a point in it is in the line drawn thro* 
the light ^d that point, and is therefore where it 
interfeds the dire£tion of the Ihadow. And if the 
Iji^e of fhadow inpet any oblique plane, it may be 
traced up9a U^at plane, by help of another plane 
dr^wn perpendicular to the firft plane, as has been 
explained in Prob. XYL in regard to. the fun. 

I 

P R OB. :^. 

^0 rtfreftnf fufb objeSh as apptar hf refiexion m 
the water. ^ 

Let AB be the ground line, SD the hoirizonca} ^^» 
Kne, ABEF a canal or pool of water. GHN a 
tower with a fpire upon It. Let LK be die level 
of the wauer under the tower HI, inakc YJb =s 
KH in the perpendicular Hii, then the reflexion of 
the point H by the water, wfU be at*. Alfo let 
NI be the kvel of the water juft under the point 
G fit the vane, make N^ z: NG in the perpendi- 
cular G^, and g will be the reflexion of the point 
G by the water. An<l in like manner meafuring 
the diftance from N to the top of the vane atG,' 
apd fetting it down in the Kne J^, gives the reflexion 
Qf the top of the vane at i . If you have a mind 
to know how much of the tower HN appears in 
the w^ter, nieafure the cHftance frptp N or t- to the 
waiter- fide ^t O, and l^t it ifbr I to P ; then the 
part from P to G appears by reflexion,^ the rcfk be- 
low being incapable of bein^ fecn oy reflexion, 
by reafon^of'tlieinterpofed earth- between LandO. 

Aeaiii 


76 P E R SP E C TI V E. 

Fig, Again, if T be a tree near the water-fide, and 
66. tftc level of the water under the top T be at V ; 
then if V2 be made equal to VT, in the perpen- 
dicular T2, then 2 will be the appearance c2f T 
by reflexion. And thus meafuring from any part 
of the tree, perpendicularly to the furface of the 
water or its level, and fetting that length down- 
wards towards AB, in a perpendicular line, from 
that furface, it will there give the fame part of the 
tree as it appears by reflexion. And it will do the 
fame for any other objeft, which is high enough, 
or near enough the water. For all objeds feen by 
reflexion appear to be turned upfid^ down, the 
higheft part appearing the loweft in the water; 
and the lowefl: to be thehighefl:, where they touch 
.^t the furface. And aU this is evident from the 
known laws of reflexion, which is this, that any 
obje6t appears by reflexion, to be as far beyond the 
reflecting plane, as it really is on this fide ; that is, 
the obje£t and its image are equidiftant from the 
reflefting furface, and on contrary fides. Whence 
if Nl be a part of the reflefting furface^ then will 
NG be equal to ^g. And if LK be the refleding 
furface, then will KH = Kb. For the fame rea- 
fon will TV =: V2. As fomc obje6b may be feen 
direftly which cannot be feen by reflexion, as the 
part PK of the tower. So fbme others may be 
&en by reflexion which cannot be feen in a dire6l: 
line. Thus you may fee the hollow arch of a 
bridge both by reflexion and a dired view, if your 
eye is lower than the arch ; but if your eye is raif- 
ea higher than the bridge, you may lee the top of 
the bridge direftly, but not the arch, and yet yqu 
may fee the arch oy reflexion ; for nothing hinders 
the rays from the under fide, from falling on the 
water, and being refleded to the eye. And thus 
part of the tree T, which is covered by the other 

branches^ 
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branches, cannot l:^ fecn dircftly -, but may appear Fig. 
by reflexion in the water. 66. 

P R O B. XXI. 

I 

9^9 take the perfpeSive draught of any placi^ as a 
Country^ City^ a Harbour witb'Sbtps^ Qc- 

All the problems that have been hitherto. deli- 
vered, are preparatory to the folution of this. For 
in a general view, all forts of objefts offer them- 
*felves, of which fome lye upon the ground, fomc 
ftand ereA, and fome floaping, fome are ftreight, 
and fome crooked, bodies Handing fome in one po- 
fition and ibme in another ; of various forts ^n4 
forms, fome 'near hand, and fomc far off; fomc 
with fliadows, and fome without. So that a perfon 
before he fets himfelf to drawing in a general way; 
muft make himfelf acquainted with all tho forego- 
ing problems, and have them ready in practice, to 
be applied as there is occafion. To proceed then. 
Take a piece of paper big enough for the pur- 
pofe, as half a flieet or a Iheet -, and near the bot- 
tom draw a line for the ground line j and above 
that, at a (Jiftance equal to the defigned height of 
the eye, draw another, line parallel to it, for the 
horizontal line. The height of the eye, or the dif- 
lance of thefe lines Ihould not be above half the 
height of the pidure, and may be about a third part 
of it. When the objefts are high in the air, the 
horizontal line muft be drawn nearer the ground 
line, to make room for the appearance of the ob- 
jefts above. Then take the point of fight in the 
middle of the^ horizontal line, or in fome cities near 
one end of it j and from it, on one or both fides, 
fet off the points of diflance, equal to the priiftipal 
ray, or the diftance of the eye ; . which muft at Icafl 
be equal to the breadth of the pifturej but it 

ought 
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FJg. titigfii ttt bt tttbit, fe diit' fli6 pifiiire mif futtend 
an angle at the eye, of '4^ 6'f 56 degrees. THe 
principal ray, or diftance from the pidure, muft be 
more than the heigKt of ihk ey^, it fhould be half 
- as much more, or fometimes even twice or thrice 
is fnrieh ; am ifpbimf when the pdHht of .figfit is 
near one end ; and it fhJtotd Ht^^n ht \(^ ihan 
eight inches, but may be as much more as you will. 
tb» b(ft^ mm, iM dtSachc6s of df the b^j^As, 
ktd %Mt hdi^i mti& be tfi&ifch'eid (of at leafl: 
eftimated) by forfle girifr pii{\ift, kd friil^, fiir- 
kH^, yHif&Bf Siti. AM ihelT fttMltifiSy and po- 
(Ifi&ris, tfUly tSk<ki > all BV Hit' ferfie f6« of fhed- 
ftite. Thfch the^ art all W Bfr Md dof*»ii 6f pKhried 
&^ti pifet, afccotdhig Co tfirin' ft^eFaf^Wfe^i, 6fua- 
ttofli and diftafltti,- to Be taken off foriife' fdifc of 
equal paf^s of a cimth\iai U^Ht% ii i fdal^ of 
Jrfehes, «»c. kdfepWg t6. thfe fettti fc^ thro*. the 
whole work. And a* tW J^in bf ftttiatibW of all 
thefe btgeflsi is c6rfmioniy rtifade, by 'SxHUH^ ihtni 
an b(ilo# thfe'^und E«^ ii!f' ih mk\m fittalion i 
y«<Hi9 wltt WT BWteV dort? By df^Whrg t$e ^kh in 
i ftpardtft {uiptfr,- of tlW faittte' Brtadth* a^ the pic-* 
tBft€i attd plsk!i«g jfft ffii? c«)jt(fe in tReil- 6*'a fiWa- 
ttefltf. tfo rea«n 6f driWHig tfittrf 6n' the C6h- 
«f*t fid^ of tfce ^6lind Imi, in atn ftfv^eitedf fitiia- 
tlOh^ is eft hliideiftfic'nt firdltt irftfcrfen% ^iffi fheir 
Wfegtt- irf fRe pifture y sJAj tb* priftrv^ *e thig dif- 
ttWtdS <rf all arid' evfery pairt, frbtrt <he ferotfnd Hhe. 
But fKfe is bfetter dbriS by draWfftg "all the objcdlls 
frtW^e tte grbund' lift*' xH xMi mc pbfitiOHS in a 
lBfa¥«fc pkper'; arid for iftat reafoii it? is Aibi-e ria- 
m^ tfen itive^tm^: afif tfitf objeifts, a'nd ib <iharig- 
ift^ their' places. 

The plan of the ^ork being laid dbwn, it niurt 
I56dfa*h in pcir^eftive in the pifture, accbiyihg to 
the forftier rulbs, one part jrfter another till the 
%bbli^ is iriferted. Arid if any 6f the parts . be 

much' 
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much compounded, and rcqiiii*es a gfcAt ifiaftyFig; 
lilies 5 it will be better to do fiidl part in a febaratt 
paper, and then transfer it to ttie jpi^fttn*. It will 
be proper to do this a$ often aSr thdrC ate any dit 
fkult parts t0 be laid down. 

When any boildings, or bodieii elevatdd ih th^ 
«ii", happen to be in the vieWj as feW ate without i 
it will oncn be neceflaiy to take the frOttt View ind 
the? profile thereof by thcf fame trteafore ^ the feft *, 
and then lay them down upon papet by the Gitttt 
fcale. And from this draught, thev muft bfr 
drawn in perfpcftive by the tiUti of drawing (6- 
lids. And here aHb they m*jr ht laid dowrt oft f*. 
p«tfate pape« when they f eqtlire miny lines •, atld 
at laft transferred to the pifltlif e 5 *rd thttS the pic- 
ture will be kept clean and neat. 
■ Ih the praftice of all this, Oiie rtltrft ttmtttihet 
that all ftrci^ht lines are r^efertted by ftreight 
fines m the pidhire ; and fach as are pafiflel td the 
grouad ime, dn the earth, Will hi paftllel to tW 
ground line ; and thofe perpendlctitar t6 the edtth, 
win be perpendicular to the grcfUhd line ; and all 
lines perpendicular to the piftUre; teftd td the point 
of Sight, Likewife all Imes parallel td the bafe ot 
the ground, have their accidental points in the ho- 
rirontal line. And lines pirstUel td the vertfcd 
jrflane, have their accidental point in tWe Vertical litf e; 

Such objeft^ as ftand on your right hand, twA 
be placed on the right hand df the Vettfcal line •, 
and thofe on the left, muft be on the left hand; and 
thofe before, in the middle of the pidtufe. Arid 
dtofe far off, high up in the pifture. And dbje6ti 
that are higher than the eye, ttitH be raifed abdv* 
the horizontal line. 

In defcribing objefts at a gitat drftailce; their al- 
titudes muft Be diminifhed lii proportion to the dif- 
tancc.* And therefore- a fcstle muft be made (by 
Frob.Xin.) for every akitti<fe cbntcrnerf* which will 

(hew 
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-Fig* fiic\/ the altitude diminifhed in every place of th« 
pifture. And here the profile muft be made ufc 
of, when different heights are concerned. And thefe 
Tieights taken from the fcale, mult be raifed upon 
their proper bafes in the pid^irie, the tops of which 
joined by right lines^ give the boundaries of the bo- 
dies, and then thefe Dodies may be finifhed, and 
duly fhadQwed. When this is done, in refpcA to 
all the objeds that are to appear in the draught, 
then your view is fii^ifhcd, as far as depends on the 
jules of geometry and perfpcftive- When all is 
done, the ground line, horizontal line, and other 
lines not belonging to the profpefi: muft be rubbed 
out ; and to make the draught complete, it ought 
to be coloured, every objedt with its proper colour. 

When objcfts are feen by reflexion in watcr^ they, 
muft be drawn according to the rules laid down for 
that purpofc ; and then coloured of the fame colour 
as the objefts themfclves, but a great de^l fainter, 
by.reafon of the lois of light, by refleftion at tfic 
furtace of the water. 

Likewifi? the colours of all objedks ought to be fi> 
much fainter as the d^ance is greater *, till at laft 
they, vaoifti in a blueiftx mift. . 

Every one that would be a praftitioner in the art 
of- drawing, muft furnifh himfelf with a drawing 
board and a Tee, This board or table muft be 
right-angled at all the corners, and as big as to con- 
tain a fheet of pap^r, and made fmooth and flat. 
The tee (called fo from its fliape^ is made after the 
^ manner of the carpenters fquare, with the head 
thicker than the tong, and muft be made exadly 
fquare. Then a paper being patted to the board 
at the four corners, it is ready to draw upon ; and 
when you want to draw parallel or perpendicular 
lines, apply the head of the^ tee to one or other of 
the edges of the board, and then draw by the fid^ 
of the tongue i and thus you may Ipoa draw as 
^ many 
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ihany parallels or perpendiculars as you pleafe, with- FIg« 
out any trouble* 

ExampU i« 

ACEB is a building, whofe roof is fupported by ^y; 
pBlars ; AB is the ground line, S£ the horizontal 
line, S the point of fight, and the point of diftance 
is far out or the pifturc. Ffcre the breadth of the 
Koufe is AB, and the height of the eye is SD or 
EB* The floor here is laid with fqiKires, alternately 
black and white, they lye in rows that run towards 
the point of fight, and the other fides are parallel 
to the ground line AB. F, F, &c. are two row3 
of pillars, one on each fide, thefe are placed at 
equal diftances, and range diredly towards the 
point of fight* G is the mrther end of the build- 
ing, being a perpendicular wall of free ftone ^ at 
that end of the houfe are four lamps or tapers H^ 
placed to give light over the room. Between the 
pillars F, F, and die fides of the building, are two 
walks laid with the fame fort of fquares. In the^ 
two fides of the room AC, BC, are two large win- 
dows I, I ; thefe have each of them three lights, 
with iron ftainfhals down the middle, and iron bara 
acrofs, to keep the jaums fail. K, K, are arches* 
carried over the building from the top of one pil- 
lar to that of another, all rhanner of ways ; upon 
thefe the roof is built. C, C, &c; is the roof, the 
two wings on each fide lye upon the arches L, L, 
and on others beyond them. The higher part of 
the roof C, C, ftands upon the main arches. On 
the very top at the end of the roof, is placed a 
vane, to fliew the wind. Before the entrance is a 
gravel walk DM, and a roller O to roll it with^ 
On each fide of it are three rows of trees, which 
tend to the point of fight. Along AB is aifo ana^ 
thcr gravel walk. 
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£^ " * Example 2. 

Let SD be the horizpfltai ljiic, S the poiHt of fight, 
D the point of diftance, AB the ground line ; C is a 
, . houfe on the left hand, whofe pibfiLe tm)s upiotiit 
point of fight S \ in this profile you may 6e the win- j 
dows which al^e ail 'perpendicular to die;g^oiaad lioe ^ . 
from the end of it runs a waii £ i which is perfmir 
dicuiar to the pidiim, an4 thcrs&>t£k ^1(q tends to: 
the point of fight. At the end of the wail is aao^ 
ther hoUfe, which ftands in the fame pofitibn* Utr^\ 
yond at F upon an afcent, is a hpuje ftaodiiig |n a< 
wood among a deal of trees ; tod at fibine di&mctt. 
from this is another houfe G Aipon a. hill, mt^ a 
garden wailed in, before it^ and siear It mtbc (lammer 
houfe H, and beyond tlie& is thexeuntry, rifinghigb, 
and covered with buflies at I, i. Op t^e groui^L 
line at IC is a garden inclo&d widi a wail, in this* 
are feveral beds with flowers, and ibme with fmit 
trees ; being all perpendicular to the pi^ijiie, £&0d 
to the point of &ght S. Ac^ining to the gtrdfift 
is a church L with a tower indented tt ttee top', 
this has its forellde paralidi'to the ground line ; aad 
the ends being perpendicular to -the pidure, run tOr 
wards the pomt of fight. ' Behind the church is a 
houfe M, with its front parallel to the picture; 
this joins upon a garden N, with trees, herbs and 
flowers. On the other hand is the houfe Oy iitan- 
(ding crofs the former^ or with its face perpendlcu::' 
kr to the pidure, and therefore, it tends to the 
point of fight S. Behind thefe houfe? is another 
farge church P, with a tower and a fpire upjdn it, 
on the top of .which is a weather cock, to (hey/ the 
wind-, this ftands fronting the pifture. Behind 
this church is another houfe or two Q, "ftanding in 
the fame pofition, and having a chimney fmoaking, 
as like wife have feveral of the reft. R is an artir 
•ficial fountain, where the afcending water plays, 

« and 
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aiid then falls into the baibn below. T feveral in* Fig» 
dofures, and fmall fields. V feveral rows of trees. . 
W an obeliik in a walk between fome grafs plats. 
X feveral fgwla flying in the air. Y a windmill 
on the tojp of the hill« Z the clouds hanging ii| 
the atmoiphere. 

$CHOLlUM. 

From what has been laid down before, concern- 
ing the nature of perfpedtive ; the following obfer^ 
Ytdons may be drawn. 

. AU horizontal planes leated above the eye, (eem to 
fink downn^u^ds, more and more, the further they are 
produced ( till being infinitely produced, they at laft 
become kv^l with the eye. Likewife fuch planes as 
Are below the eye^ feem continually to rife upward,, 
the further they go. Alfo thofe on the right hand ap- 
proach to the left ; and thofe on the left, towards the 
f^ht. Therefore floors and pavements of buildings^ 
wnen continued to a great length, feem to a fpe6la« 
tor to rife upwards ; and the roofs and cielings of 
buildings^ appear gradual^ to defcend^ and there- 
^e the longer fuch roofs are, the higher they 
Jhould be made ; to prevent their appearing too 
near the ground at a great diflance. 

AU rows of columns, or of trees ; and thofe of 
Walls or the fides of buildings, feem to the eye of 
the fpeAator to contract themfelves, the further 
they run; and continually grow narrower. And 
therefore the breadth thereof fhould be greater, 
where the length is greater ; that their appearance 
to the eye may be the more delightful. And thus 
the capitals of pillars feem to incline downwards, 
and their pedeftals to rife upwards. The horizon 
feems continually to rife from the eye, and at lafl: 
to appear higher than it really is. But if a row of 
columns, perpendicular to the liorizon, and of e- 
qual height, be lower than the eye ; the tops of 
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Fig. them feem corttinually tp rife as wcU as the botf 
toms ; and thofe furtheft off would appear the 
highcft. But the contrary happens if they ar^ above 
the eye, for then the furtheft would appear the 
loweft. Thus the furface of the fea feettis con- 
tinually to rife, and at laft to be higher than the 
jtye. Hence alfo a plane furface continued to a 
great diftance will appear hollow. Statues an4^ 
images raifed on high, will appear only in their 
true proportion at a certain height ; and at other 
heights' will appear more or lefs deformed or o«t 
of proportion. And therefore the optical appearance 
of any objeft, in any place, muft be confidered. 

From the tedioufnefs of drawing a perfpeAive 
view throughout, by geometrical rules, a& has been 
now taught ; no body ever puts it in praftice. But 
jnftead of that, they make ufe of a mechanical me« 
thod of doing it, which is this ; they take a fquare 
box, with a hole in the top facing the obje^, in 
which is placed a convex lens ; and behind that, 
within the box is a refleftor. This box being placed 
fo as to face the country whofe draught i$ to be ta- 
ken, the rays of light flowing from all the obje6ts, 
enter the convex glafs, and are reflefted downwards 
by the refledor, ^hich is placed obliquely ; and fo 
they paint upon a white paper laid at the bottom 
of the box, the images of all thefe external objects, 
very diftinftly if th^ convex lens be at its true dif- 
tance ; if not, the leos muft be moved in or out, 
till the images are diftinft. Then the draughts man, 
putting his head within the box, has nothing to do, 
but run over all the out-lines of the feveral objedb 
with a pencil •, all which being done, they may be 
finilhed afterwards. Such a box for taking a per- 
fpeftive view mechanically you have defcribed to you 
• in Prob, 24. Book IV. of the Optics, For it would 
be an endlefs tafk to go through all the particulars 
'Ojf fuch a draught, by the common rules of Per- 

ipedlivc. 
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Ipeftivc ; not only for the number of lines it would Fig* 
require, but for the great length of time requifite 
for fuch a work. And yet thefe rules are the eafieft 
that can be contrived, where the pifture- is fup^ 
pofed perpendicular to the horizon. For if the 
pidure was oblicjue, the labour would be far more, 
to draw the objefts in fuch a pofition ; and new 
rules are neceflary to work by, and the objcfts when 
drawn make no better appearance than in the com- 
mon way J and therefore no body would ever fol- 
low the praftice upon oblique tables, and confe- 
quently they are of no ufe, hut merely for curio- 
fity •, and to Ihew what can be done by art. There- 
fore the common method is the moft ufeful, and its 
principal ufe, is that of drawing fingle objeds, 
which requii*e to be done very exadtly j and to ini- 
tiate the drawing by hand, which is by far the moft 
ufeful and expeditious method. Hence no land- 
ikips or views of countries are ever drawn by the 
method of pcrfpeftive, but by fuch mechanical 
contrivances, as we have (hewn -, and that for the 
feke of expedition. And this method is very exa6t 
too; for the images are diftinftly reprefented on 
the paper, and in their true proportions, as they 
appear ; and the drawing them truly, depends on 
the fteady hand of the drawer. 

I muft obferve, that when any view or landfkip 
is to be drawn in a publick place, as in a garden, 
on the fcenes in a playhoufe, or the walls of a large 
room ; the point ik fight is not to be taken in the 
air, where people cannot come. But it ought to 
be taken where moft people refort, and ftand or fit 
to look at it. For then it will appear to the beft 
advantage and nioft natural. But if the point o£ 
fight is taken ip a different place, the profped will 
appear unnatural and deformed; as may be ga^^ 
thorcd from Cor. 2^ Prop. XII.. 

Q ^ . PROB. 
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Fig. 

P R O B. XXII. 

t 

By the inverfe method of ptrffeShe^ having a point 
given in the pidure^ to jink its original in the geome^ 
irical plane. 

In what goes before, wc have treated odly about 
the direft inetKod of perfpedbr^c, or the finding 
the place of any obje£t in the pidure, having its 
fitiiatipn on the geonietrical plane given; Wd 
ihall here add a few propofitions about th£ iftvetfe 
, method, which is finding the original,^ from having 
its appearance in the pifture. As th^ plac^ln tb^ 
pidure \^ found from having that in the geOmc^ 
trical plane, fo by working backward, its pliic^ in 
the geometrical plane is eafily foimd from ha^g 
that in the pifttire. 
69. Let N be the point given in the piftufe.' FrOtti 
the given point N and the point of fight, drsW i\m 
line SE to cut the groiind line GB in E. A'lfo 
from the point of diftance D,' thro* the feme pdini 
N, draw the line DC, cutting the groufsd line m 
Cj then CE is the difl:ance of the point; in the 
geometrical plane^ from the ground line. Aftd 
therefore if E» be made perpendicular to AB, ^d 
equal to EC, n will be the point fought, but oi) 
the contrary fide of the ground line. 

For if n was given, us i-eprefcntation at N is 
found by drawing lines from S to E, and from D 
to C, to interfeft in N, JEC being made eqod 
to H». Therefore by the reverie operationV » i^ 
truely found. 

P R O B. XXIII. 

^^^ Having an ohjeSl given in the piSnre^ to find itt 
^' real height J on the geometrical plane. 

Let OP be the objeft given ; find the fituatioii 
F^ of the foot O, by the laft Prob. And thro* F 

draw 
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diaw FI perpciidictilar to AB, and firofn the point Fig; 
ttF fight S dra:w SP thro* the top of it, cutting the 69, 
perpendicular FI in I. Then FI is the real height 
of the objeft upon die* geometrical plane. For if 
FI be the real height, OP will be. found to be the 
ippareht height in tht piftufe, by Prob. Xt 

Cm. In tih mafiner^ if OR be d lint in the geth 
metrical plane^ parallel to the ground line j then if 
SO, SR ^^ drawn to cut the ground line in F and 
G i then FO H the teaitekgth of OR. 

PR0B. XXIV. 

m 

A/If oHique Bke in the piRure heing given ', to fin4 
its inrigfnai in the geometrical plane. 

LeiOP ie the given Hne in the p^idiire. Find 70* 
the fiti^ton of the point P at F, and, then itfs 
place p *pon <he geometrkal plane, by Prob. XXil. 
The© j)roducc PO to cjut the grounfd line in E, and 
draw /£) which w3k be the original of PE, 

likewife find the original of the point O, which 
will be at i? } thea po vrill b)e the original of the 
line PO, but inverted. 

This is evident from the contrary procefe of 
finding the rep^eferitation PO^ froiit having the 
origirial/^. 

€6r* I. Hence tie ordinal of any plane figure given 
in the piShar^, may be found. For it is but finding 
ihe originals of all the lines f that inclofe the figure '^ 
and tMn yj^iill ha^e the original figure. 


€6r.: 2. Aftd thus a folid being given in the pic-^ 
turcr its original mit^ be founds but with more la^ 
hour: For afl the bafk lines, and all the perpendicth 
lars will he found as before \ and thence all the fur^ 
faces that inctofe it^ and confequently the whole folid^ 

G 4 Coi^ 
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pig. Con 3. Hence the original qf at^ angle may ht 
'JO. founds fy finding the eriginal lines thai form the 
angle. 

P R O B. XXV. 

Two or more lines being given in the piUure^ wbofe 
originals are perpendicular to it ; and having the real 
length of any fucb hafe line \ to find the points of 
fight and difiance. 

yj^ Let AB be the ground line of the pidure, AEG 
a houfe, and BHM a wall ; both the originals be- 
ing perpendicvilar to the ground line AB. Produce 
any two fides, as AE, IK, BM, HL, which art 
perpendicular to the ground line ia the geometri- 
cal plane ; till they interfeft, as AE andBM, which 
interfed in S, then S is the point of fight. 

Again draw SD parallel to AB, and fet the real 
kngth of the, bafe line BF ("which tends to the 
point of fight) from its fituation B to C in the 
ground line ; and thro' C and F draw the line CF 
cutting SD in D *, then is D the point of diftance ; 
,and SD the horizontal line; and the length of SD 
is the principal ray> or the diftance of the eye from 
the pidurc. 

For (by Cor. 2. Prop. IV.) the lines AE and 
BM tend to the point of fight at S. And there- 
fore the point of diftance is fomewhere in the line 
SD drawn parallel to AB, which is the horizontal 
line. But if BC be the difliance of a point from 
the ground line, and D the point of diftance, and 
DB and DC be drawn to interfed in F, then F 
will be the image of that objeQ:. Therefore on 
the qontr-ary, when CF is drawn thro* the image at 
F, it will go thro* the point of diftance D. 

Cor. I . Hence J in any perfpeffive draughty having 
the horizontal line given j its center^ or the point of 
fight may btfoundi, 

For 
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For produce any line whofe ordinal b perpeti^ Fig. 
dicular to thcpidkure, till it cuts the horizontal Imc, yi^ 
and there is the point of fight* Or if there is no 
horizontal line, produce two fuch lines till they cut 
another. 


Con 2. But the dijiance of the piSlurCy or tbeprin- 
iipal ray^ cannot be founds unlefs the real diftance af 
fame point or objeSt (from the ground line) be known. 

For we only know, that the eye is ibmewhere in 
the perpendicular, rdfed upon the point of fight. 
But if a real diftance be known, the difl:ance oi 
the eye will then be known, as laid down tefore* 

Cor. 3, If in any draughty it he known that feve^ 
ral original tines are parallel j in the geometrical plane. " 
Then their accidental pointy and the horizontal lifu. 
may be found. 

Produce two of thefe lines till they interfed, and 
the point of interfeftion is their accidental point ; 
and that point is in the horizontal line. Therefore 
thro* that point, draw a parallel to the ground linc^ 
and that is the horizontal line. 

P R O B. XXVI. 

Having the angle which any original objeSl fub" 
tends at the eye^ and alfo its image \ to find the point 
of diftance^ or the point of view in the air. 

Make the angle CEF upon the horizontal line> 72.' 
equal to the angle which the original objeft fub- 
tends at the eye. Let OP be the image of it in 
the pifture. Make CF = OP, and place CF in 
the fame pofition to EC, as the image has to the 
vifual ray paffing thro* O. Then CE is the dif- 
tance of the eye from the point O in the pifture. 
When that diftance is had, ereft a perpendicular 
at S the point of fight (found before), which muft 

ftand 


Fig/ftMdi opr^htt ©pan the plattie oi* th^ pifture; then 
73* the diftaoce EC ftt froin d^ will ihtcffeft' that per- 
pendkufaur in the point of view* Thdn the dit 
taoce Wtween the point of view and poiht of fights 
or the principal ray, fet from S to D, gives the 
point of diftance p. ^ . 

Having laid fpmething before 6f inclined picr 
ttires, i mall add a little more here ; more out of 
cufkffttfj than any real tife they are o£ 

tkoti. xxvii. 

SV irtHv fl^eSft ik ferfpeBvve upoH ah imUaed pic' 

I have fhewn in Prop. XXIII. that the rules for 
drawing upon inclined piftures are the fame as 
tjiofe for upright ones ; taking here a line parallel 
ib the vertical line, ihftead of the height of the eye» 
ih the upright pidture ; ^tid taking lines ftanding 
drt the geometrical plane, parallel to the vertical 
lihe, ?imcad of perpendiculars. I fay lines in thi^ 
pofition, and lines parallel to the ground line, 
will be drawn by the very fame rules. Therefore 
in thefe cafes, f ou muft work fey Prob. VI. VII. 
VIII. and Prob. XI. for altitudes. And when 
perpendiculars are given upon the geometrical plane, 
yOu muft firft draw lines froinr their tops parcel to 
the vertical fine, to cut the geortietrical plane, and 
there you have their bafes ; and then finding the 
images of one of thefe bafes, you muft draw aa 
oblique line obfcure. 'Then find the image of the 
foot of the pefpend'fcular itfelf, and joining thi$ 
fait image, and the top of the former obfcure linc^ 
by a right line, you*Il have the image of that per- 
pendicular upon the incfined plane ; and fo of all 
the reft of the perpendiculars. By this means 
planes may be drawn^ and folids perpendicular up-: 

on 
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dn the horizon or geometrical t)laiie« And anf Fig* 
other ibrt of oblique lines may be dmwn^ by a like 
method^ firft drawiiig. a flant linfe parallel lo thei 
vertical line ; theii you have t«^0 lines meeting ac 
the top, or whofe top is common to both ; find 
the images of both the bafci or feet, and the alti- 
clcude of the faid fiatis line^ then jfoin the top and 
the proper bafe belonging to thai find, fee C^4 

Bm the belt way Js, 6rft to d^aw the profile o# 
the pi&Mt^i, and Iht^ pnhcxpil lines belonging to k % 
add find the acciddn^al p^ni of Nilies per{mkScti«^ 
Jar to the Horteon ; or of any other lineS, whicH 
are to b^ drawn ift perfpefti^; Thtis, 

Lrt SH be the pia:*r«, E th^ plfcf of the d^e, yp 
of the ^int Of View. Df aw ES ^<ld AH parallel 
to the horizon, draw EC perpendicular to AH, to^ 
cut SH produced in F, thJfn (by Def. 17.) F is the 
accfideiftarl |)otnt df zXt limi paralkl to £Q 6r per- 
pendicular to the horizon. Alfo draw EA parallel 
to SH } 'and i^dn EA is to be taken fot' the height 
of th^ tjt, ES tHk p^QiSipal ray^ AH tlK line off 
ftationt and SH i^e pidire. Then in cAtlir todraW 
upon fuch a pidiir6^> (in Fig^ 74.) draw SfD for the JJ^ 
horizontal line, artd make SD equal to S£^ axul D 
is the point of diftance. Draw SH perpendicular 
to SD, and equal to SH (6g. 73.) for the vertical 
line ) and draw- AHB parallel to SD' for the ground 
tine; or thismay be drawn firft, if you will ; alfe 
in ake.HF equal to HF (fig. 73), and F will be tbti 
accidental point of ail lines perpendicular w tho 
horizon. Thus all the requifites are tranarfierred frond 
fig- 73* to fig. 74. which done^ the Opefrations ar« 
to be performed as before* mentioned^ EiianEiplef 
will explain the thing* 

Ex* i# 

To find the ima^ ai a given point P. Lrt 74^ 
fall PI perpendicular to AB, and fet PI from I to 
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Fig* A. Then draw SI from the point of light S, and 
74. DA from the point of diftance D \ and where the3r 

interfeft atp, is the image of P. This is juft the 

fame procefs as in the upright piAure. 

Ex. !• 

To find the image of a right line, parallel tm 
the ground line* 

Let PQ^ be the line given ; from P and O let 
fall perpendiculars upon the ground line AB, torn- 
terfedt it at I and K. From I and K draw lines ta 
the point of fight, ISy KS. Set IP from I to A» 
and draw AD to the point of diftance D, to inters 
fed IS in p. Draw ^jr parallel to AB, cutting KS 
in ;; then pq is the image of P0« Or find the 
point q the reprefentation of Q^ as ^ was founds 
and draw pq. 

Ex» 3« 

TV f^d the image cf attf Une in the geemetmal 
plane. 

Let PL be the line ^ven. Find p the image of 

P« one end of the line as in the firft example. And 

likewiie / the image of L the other end of the 

.: line, the fame way; then draw ^/, which will be the 

reprefentation of PL, as required* 

Ex. 4. 

To find the image of a plane figure given in the 
geometrical plane, on an inclined pidlure. Let 
PQLR be a fquare, whofe two oppofite fides are 
parallel to the ground line AB. Find the repre- 
fentations of all the points P, Q, L, R •, at^, j, /, t\ 
and draw the lines pq^ ql, Ir^ rp\ then pdr is the 
knage of- the fquare PQLR. . 

Or thusy let fall perpendiculars from all the an^ 
gles upon the ground Khe AB, to interfed it at I 
and K } draw IS^ KS to the point of fight S. Sec 

off 
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off IR from I towards A, from which point draw Fig. 
a line to the point of diftance D, interfering IS in 74. 
r. Alfo fet off IP from I toward A» and from 
that point draw a line likewife to the point of 
diftance D, to interfeft IS in p. From r and p 
draw P^Q lines parallel to AB, as r/> pq^ interfeft* 
ins KS in / and a \ then fqlr is the reprefentation 
ot the fquare PQLR, whofe two fides are parallel 
to the ground line AB« 

Ex. 5. 

To draw the image of a line parallel to the ver- 75. 
tical line of the inclined pifture. Let SD be the 
horizontal iine^ AB the ground line, S the point of 
fight, D the point of diftance, as before ; and let ^ 
P be the foot of the line in the geometrical plane. 
Draw PI perpendicular to AB» make IL =: PI. 
Then draw SI, LD to interfeft in p the image of 
P9 the foot of the line. Make lA equal to the 
length of the line, which ftands not perpendicular 
but floping; draw AS, and from p^ draw/G pa- 
rallel to AI, cutting AS in G. Draw pg parallel 
to SH, and equal toj^^ then pg is |he image of 
the line ^ven. 

If the line had ftood in the ground line at I, you 
ha^ no more to do, but to draw a line from I pa- 
rallel toSH, and equal toIA, the length of the 
line propofed. 

Ex. 6. 

To find the reprefentation of a line perpendicu- 
lar to the horizon. Let Q^be the foot of the per- 
pendicular upon the geometrical plane, and CN it& 
height. Find the image of Q, by Ex. i. which, 
will be at q. The pifture being in the pofition 
SH, fig. 73, From the top of the line C, draw 
CM parallel to the vertical line, then MCN will 
be the profile of the lines CN, CM. Therefore 
make QO = NM, and O will be the fituacion of ' 
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Fig. M upQo the geojn^trM pUii4« Then dud thft. 

75. image of Ot which will \^ at ^, Alfa fiod the 
image of MC vibafy foot if »t 0, hy Ex, 5. thi9 will 
be 0C9 which is drawn paralM to 3H> iM^d equal in 
reprefentdtioQ to MC. lUa^iy, 4r4W cq^ and that 
will be the repreiie)Hat)Oii Qf tb? perpeo^uUr CN^ 
Handing at CL whofe ia)|i09 U }. 

For uDce CM ^ drawq parMjrj ^ the terticsil 
line, the line NM is perpen(|iwUr to the griound 
line or bafe of the pifture ; therefore the triangle 
CMN is the profile of the iUnt line> the perpendi- 
cular line» and tb^ baie<i And finos N is at Q, M 
will be nearer the pi^we as t( O i therefore ^ is the 
reprelentation of Q or N^ and fi h (he reprefenta^ 
tion of O or Mi» and ac b^iqg the reprefeotation 
of MC» therefore the triangle §fq if che rcppcfenta- 
tion of. the triangle MCN 9 And £^ is the reprcTen^ 
tatibn of CN. 

.Find the accidental point F of lines perpendicular 
to the geometrical plane, as direfted before. Alfo 
find q the reprefentation of Q, the foot of the per- 
pendicular as before. Thro* i^ draw, qc tor the in* 
definite perpendicular (landing at ^, which muft be 
terminated thus ; draw the flant line MC as before, 
and fet its length from K to T in the perpendicular 
KV i then draw ST which will cut jr in r, the top 
of the perpendicular line required. . - 

For the images of all lines perpendicular to the 
horizon tend to the accideptal point F; and ithe 
image of N or Qjs ax j. Draw ac perpendicular to 
AB, to cut SK in 0. Then if Kt be the appear- 
ance of CM at K in the grourkd line v OiC will be its 
appearance at 0^ by Prob. XI, therefore c is the 
fop of the image, and therefore qc is the image of 
the perpendicular required. 
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Fig, 
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To drj^^ the reprefentation of ^ny floaping lipe^ 
Jxt the foot of the given line be at P in the geo^ 
inetrical plane ^ fuppofe « line drawn from th/e top 
of this line parallel to the y^^rtical line» to cue thi; 
geoinetrical plane in the point Q^ an^ lee the leogtjl) 
of that be CM« fini^ the repreientations of the 
points Py and Q, at jO and q^ by Ex. i. Sef: o^ 
MC from K to 'B» in tb^ horizontal line AB, laftd 
draw 3B from the point ojr fight. Draw ql paraU 
lei to AB, to cut SB in / } and draw gc parallel tq 
$H and equal to ql^ then c is tlgie iQiage of the top 
of the line. Therefore draw cp^ apd it will be the 
image of the given floaping line drawn to P. Fpr 
}t is evident by the proceisin Ex. gp that cq is the 
representation o^ the line CM, drawn toQ. There- 
fore tp is the image of the given line. 

By the help of this example any folid may be 
drawn ugon an inclined pifture ^ by drawing all the 
out lindi^ thereof, ^d joining their tops by right 
lines, as thofe in the folid are drawn. But it is beft 
to draw all the parts in feparate papers. 

To draw an oblique parallelopipedon, whole axis 74*- 
is parallel to the vertical line, and one face parallel 
to, the pidture, and the bafe a fquare. 

Let AB be the ground line, S the point of fight, 
D the point of diftance. Let the bafe of the folid 
be defcribed in the geometrical plane, according to 
the given fituation, as at PQLR, which is a fquare 
bafe. Dravy this in perfpedive, as fh^wh in Ex. 4. 
which let be /jf/r. This done, we muft proceed to 
raife the heights, at the places^, j, /, r, as direft- 
ed in Ex. 5. thus, fet the length of the axis or any 
iidjc of the parallelopipedon, from B to C in the 
perpendicular BC j draw the lines SB, SC ; then 

SBC 
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;. SBC is a flying fcak to take off the altitudes. Dranf 
• r/i and pqz parallel to AB, to interfeft SB in 
I and 2. Then draw 13 and 24 parallel to BC, to 
cut SC in 3 and 4. At p^ ;, r, / raife perpendicu^ 
lars to the ground line AB; and from 3 and 4 
draw lines parallel to AB, to interfed thefe perpen- 
diculars, which will determine the top of the folid. 
Thus the parallel ^wx will cut the perpendiculars at 
/ and r in the points w and x ; and the parallel 4/ 
will cut the perpendiculars from p and q in / and 
V. Therefore joining the points /, v, w, x with 
right lines, you have the upper face of the folid. 
Here the lines pq^^ qlj and qv^ which are hid from 
the eye, are not drawn. In this example all the 
lines terminating the feveral planes, are either paral* 
lei to the ground line AB, or tend to the point of 
fight S. 

Thus all bodies which lean the fame way as the 
picture, and incline as much, are as eafily drawn 
in perfpe&ive, upon an inclined pifture, as bodies 
perpendicular to the horizon, are upon an upright 
pifture, and by the very fame rules. But when 
they ftand in any other polition, there is required 
more labour to draw them ; and fo there is in an 
upright table, when the bodies are not perpendicu- 
lar to the horizon ; but the labour in one cafe is no 
greater than that in the other i and they are both 
done by fimilar methods, 

Ex. 9. 

r. To draw a cube upon an inclined table, feea 
angle ways. Let AB be the ground line, SD the 
horizontal line, S the point of fight, and D tbe^ 
point of diftance, PQLR is the bafe of the cube 
laid down on the geometrical plane, in the fitua^- 
tion required. Let this fquare PQLR be drawn 
in perfpeftive, by the method in Ex. 4. and let its 
image be pqlR i p being the im^c of P» q of Q» 

and 
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and / that of L ; the point R in the ground line Flg^ 
being common. Then at the points p, y, /, R, we y/. 
muft raife the fides of the cube^ which are perpen- 
dicular, to the bafe in the folid, but muft pafs thro' 
their accidental point in the pi6ture. Therefore 
find the accidental point F, or lines perpendicular 
to the horizon as before. And from F draw lines 
thro* py q, 7, R. Then to terminate them at the 
top of the cube, proceed by examp. 6 ; thus. 
Let CN be the perpendicular height of the cube, 
draw MN perpendicular to it, and draw CM, ma- ^ 
king the angle CMN equal to the ^ngle which 
the pifture makes with the horizon. Then" take 
CM in your compaffes, and fet it perpendicular at 
the points G, R, I, where Sp, SyR, and S/, in* 
terfeft the ground line. 'Let thefe perpendiculars 
reach to g^ r, and i. Then thro' S and thefe 
points draw lines to interfeft the lines drawn from 
F; that is, draw Sg to interfe£l Fp in the point i, 
the top of the fide pi. And draw Sr to interfedt 
Fq and FR in 2 and 4 ; then 2 is the top of the 
fide qi ; and 4 is the top of the fide R4. Alfo 
draw Si to interfedt F/ in 3, the top of the fide 
/g. Then draw the lines 12, 23, 34, 41, for the 
upper face of the cube. 

One may obferve, that fince the fides PR, RL, 
&c. make half a right angle with the ground line, 
the point of diftance D, will be the accidental point 
of the fides pq^ R2, and alfo of their parallels 12, 
43. And for the fame reafon the other point of 
diftance will be the accidental point of R^, Iq^ 41,' 
32. And if the cube was in any other pofition, the 
accidental points might be eafily found in the ho- 
rizontal line SD ; becaufe SD is the vaniftiing line 
of the bafe, and top of the cube, being both in or 
parallel to the geometrical plane. 

In all thefe examples, I have mide ufe of the 
iame pi6tur^, in the fame ppfition, the fame point 

H of 
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Fig. of fight and point of diftance ; and in general of 
77. the fame profile of the pidlure as you liave in fig. 
73. And in all thefe examples the pifture is fup- 
pofed to lean backward ; but all thefe things may 
as eafily be done, if it leans towards you. In that 
cafe, the accidental point of lines perpendicular to 
i$|ie horizon will be above the point of fight ; but 
ail operations will be the fame. But for variety, I 
Ihall give one example where the picture leans for- 
wards, 

Ex. 10. 

yg^ To draw a hexagonal right prifm, upon an in- 
clined pidure. We fhall here fuppofe the pifture 
to lean as much forward, as it before leaned back- 
ward, and that the height of the eye and the prin- 
cipal ray, remain the fame. Let PQRTVZ be the 
hexagonal bafe defcribed upon the geometrical plane, 
AB the ground line, SD the horizontal line, S the 
point of fight, D the point of diftance. Draw Pi, 
Z2, V3 perpendicular to AB, the parallel fides PQ, 
TV being fo. From the point of fight draw Si, 
S2, S3 ; by means of which, draw the bafe PQRTVZ 
in perfpeftive, which let be pqrtvz. Then to raife 
the images of the perpendiculars at the points p^ y, 
r, /, v^ 2, proceed thus, at the points i, 2, 3, raife 
the perpendiculars 16, 27, 38, each equal to the 
flant line CM, in the right-angled triangle MCN ; 
where the angle CMN is the inclination of the pic- 
ture, and CN the height of the prifm. Draw the 
line S8 from the point^f fight S •, then from v 
and / draw lines towards F, (the accidental point 
of lines perpendicular to the horizon,) to cut SZ 
in the points 4 and 5, then v^^ /5, reprefent two ot 
the perpendicular fides of the prifm. Again, 
draw the obfcure line S7 ; and from 2; and r, draw 
lines to F, to cut it in and 9 ; then zo^ rt^ will 
te two more fides of the prifni. Draw alfo the 
obfcure line 56^ and from^ and g^^ draw lines to 

F, 
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F, to cut S6 in the points n and c ; then />», j^r are Fig, 
the two other fides of the prifm-, then joining all 78. 
thefe points by right lines, you have the top of the 
prifm ncg540. And the planes being Ihaded, you 
have the true reprefentation of the prifm vzpqn^y 
upon the inclined pifture. 

1 fuppofe thefe examples are fufficient to ftiew 
the method of drawing upon inclined piftures. 

Scholium. 

It appears from the praftice, in all thefe exam- 
ples, that the image of any original figure in the 
geometrical plane, will fall exadtly in the fame 
place of the picture, whether the pifture lean for- 
ward or backward, or be upright ; provided the 
principal ray, the length of the picture, arid dif- 
tance of the objedt from the ground line remains 
the fame. But in objefts elevated above the geo- 
metrical plane, the cafe is otherwife ; and they -will 
have a different appearance according to the diffe- 
rent pofition of the pifture. The principal ufe of 
drawing upon inclined piftures, is for painting any 
images upon the cielin^ of a roorri, or on any 
vaulted roof, or on the cupola of a church, &c. 
where the furface to be painted on, is in an ob- 
lique pofition. 

As to the ftiadows of bodies ; the rules are the 
fame as in upright piftures -, only inftead of lines 
perpendicular to the horizon we muft ufe lines pa- 
rallel to the vertical line ; and for lines perpendi- 
cular to the pifture, make ufe of lines parallel to 
the line of ftation or to the principal ray. In dif- 
ficult cafes, the progrefs of the fhadow may be , 
traced out as it falls upon any planes, or upon any 
bodies, that are in its way; which is eafily done 
from the fituation of the light. And then thefe 
Ihadows, or parts of fhadows, muft be taken for 

' H 2 real 
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Pig. real objcfts, and fo drawn in pcrfpeftive by tht 
common rules. 

P R O B. XXVIII. 

To dtaw ibe piSUri tf atrj^ objeSi mnhanically. 

Thi? may conveniently be done by help of a 
candle or lamp. Let the objeft be placed near a 
wall, and a light, fuch . as a candle or lamp, placed 
^ at a good diftance from it, or the fun's light may 
be made ufe of; let this light projeft the fhadow of 
the given objeft upon the wall behind it in lines 
nearly perpendicular to the wall. Then the fhadow of 
the body would fhew the appearance of the body to 
an eye placed where the light is, if the body was re- 
moved, and the fhadow remained there. Therefore 
we muft trace out all the out-lines, of the fhadow, 
with a pencil, upon the wall ; which is very eafy 
to do where they appear ; but where the fhadow of 
any part is intercepted by fome other part •, there 
will be fome trouble. To find the fhadow of any 
point, fo placed as that its fhadow cannot, fall upon 
the wall ; take a flender rod, and put one end of 
it to touch that point ; and faflen the rod there by 
fome means or other; then removing the body, 
whilft the rod remains fixed ; the fhadow of the 
end of the ro^ will fhew the place where the fha- 
dow of that point of the body would fall. Then 
replacing the body, you may proceed thus with any 
other point of the body, or as many points as you 
will. If any line in the objeft is hindered from 
cafting its fhadow upon the wall ; the place of the 
fhadow will be found in like manner ; lay a flender 
rod clofe to the line, and mark the length with 
chalk ; then remove the body, and where the fha- 
dow of that part of the rod, which you marked, 
falls. upon the wall; there is the fhadow of that 

line 
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line in the dbjedt. And thus any lines in it may Fig.. 
be drawn. 

Or the Ihadows of thefe points and lines may be 
found thus, take two firings and extend them ^rofe 
one another ; fo that the Ihadow of their interfec- 
tion may fall » on the given point of the objeft. 
Then if the body be removed, the fhadow of the 
interfeiStion of the firings, will fall upon that point 
of the wall where the fhadow of the given point 
of the body would falL In like manner extend a 
fingle firing, fo that a knot in it may fall upon the 
given point of the body, and fixing it there, re- 
move the body, and the knot will cafl its fhadow^ 
where the fhadow of the given point of the objedl 
would fall upon the wall. Alfo extend a firing, fa 
that its fhadow may fall upon any line in the body 
which we want to defcribe 5 and mark the length 
on the firing, by tying two knots, or any other 
way. Then removing the body, that part of the 
firing will cafl a fhadow upon the wall, where the 
fhadow of the line in the objeft would fall. Other 
methods may be contrived, to get the fhadows of 
fuch points, as are hindered from falling on the 
walL And fome fuch method may be contrived 
without removing the body, and being at the trou-* - 
ble to place it again. It may be thus, if your crofa 
firings are long enough to cafl their fhadows upon 
the wall, on every fide of the body, whilfl their 
interfeftion calls its fhadow upon the given point 
of the objeft ; continue thefe fhadows behind the 
body, upon the wall, till they interfeft ; and it ia 
evident, the point of interfeftion will be the plac^ 
where the fhadow of the given point of the body 
will fall. And thus you may find the fhadows of 
as many points as you will, and confeq^]ently of as. 
many lines as you will, without flirring the body* 

Inflead of a light, the eye may be ufcd, keep-., 
ing it fixed in the place where the light fhould be^ 
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pig. For the eye will projeft any point of the object 
upon the oppofite wall, which may be marked 
there by help of an affiftant ; and thus one part af- 
ter another, and fo the whole body, may be pro- 
jefted upon the wall. Alfo if one end of a ftring 
be fixed where the light fhould be, and taking 
hold of the other end, and drawing it ftreight ; if 
the ftring be made to pafs along, the out-fines of 
the objeft, the end of the ftring, by help of a 
pencil, may be made to defcribe the figure thereof 
upon the wall. And thus by means of the ftring, 
' the image of the body will be projefted upon the 
wall, the fame as by the ftiadow. 

Otberwife. 

79. To delineate any objeft ; make a fquare frame 
DE ; divide the fpace into fmall fquares, by threads 
fixed to the fides, parallel to one another and to the 
fides of the fraoie, and at equal diftances. Set up 
a ftand FH, upon the bafe FG i this muft have a 
fmall hole at H to look thro ; it is fixed in the 
bafe, parallel to the frame DE. Alfo let the pa- 
per on Which the draught is to be made, be divid- 
ed into the like fmall fquares. Then placing the 
objedt beyond the frame in a proper fituation ; look 
at all the parts thereof fucceflively thro' the hole j 
and obferve in what fquares the feveral parts ap- 
pear, and put them into the correfpondent fquares 
in your paper ; fo at laft you will have the picture 
of the whole objedt on your paper. Thefe fquares 
rii^y be drawn in black lead, and rubbed out af- 
terwards. 

There are alfo inftruments contrived, by the 
ielp of which one may draw the appearance of any 
objeft -, but the conftrudtion of them is difficult, 
and therefore I ftiall fay no more about them. 

What is here faid of the projedbing the image of 
a body upon a wall or any plane furface, is cafily 
. - applicable 
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applicable to any curve furface. For wherever the Fig. 
Ihadow of any point falls by the light, there wijl 
be the image of that point. And likewife where 
the fhadow of any line falls upon the curve fur- 
face, there will be the image of that line ; for it 
will be where the plane pafling thro' the luminous 
point and that line, cuts the curve furface. And 
the cafe is the fstme, if the figure is proje<5ted 
upon that curve furface, by rays drawn from the 
eye, placed where the light was. 

P R O B. XXIX. 

^0 draw a deformed or monfirous piSiure upon a 
plane^ which Jhall appear regular^ from a certain 
point. 

Make*a fquare ABCD, and divide the fides in- 80. 
to as many equal parts as you will •, and draw lines 8i, 
thro' all the points of divifion, parallel to the fides ; 
thefe lines will divide the great fquare into a num- 
ber of little fquares. In this fquare draw the fi- 
gure true which you want to appear deformed. 

Again draw any line ah^ which divide into as 
many equal parts as AB is divided into. From the 
middle point ^, draw the line ^V perpendicular to 
ah^ and VS perpendicular to ^V. Alfo draw the 
lines dVy ^V, /?V, ^V, thro' the equal divifions 
g^ hj &c. Alfo draw ^S, and where it cuts the 
former lines drawn to V, draw lines parallel to ab-y 
then abed is a deformed fquare, and all the fmall 
fpaces reprefent the correfpondent little fquares in 
the great one ABCD. Therefore in all the cells 
or little fquares of abcdy draw the fame part of 
the figure as you find in the correfpondent cells of 
ABCD ; fo you have the deformed image requir- 
ed. Then fupppfeVSto Hand perpendicular to 
the plane abed j if the figure be viewed by the eye 

H 4 at . 
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Fig. at S> it will appear in its true fliapc, as you have 

80. it in ABCD. But from any odier point it will 

8 1 . appear more or lefs deformed. And if the fide dc 
was equal to the fide DC, the figure would ap- 
pear equally large, as that in ABCD would do, 
teen at the diftance Sd. 

For if a fquare whofe fide is ^r be erefted upon 
dc^ and as many parallel lines drawn in it ; and if 
SV be erefted perpendicular to the plane aYb ; 
then the firft parallel line in the fquare will be 
projefted into the line 11, by the eye at S; and 
the fecond parallel line into 22, the third into 33, 
and the laft or top of the fquare into ab\ and the 
diagonal of the fquare would be projected into db. 
Confequently all the little fqtiares would be pro- 
jedled into the correfpondent cells in the fpace abed. 
On the contrary, if the deformed figure abed be 
given to be drawn in perfpeftive, its image will be 
the faid fquare (landing upon ir, and all the little 
fquares therein will be images of the refpeftive cells 
in the figure abed. And whatever is defcribed in 
thefe cells, will appear in the little fquares ; and 
therefore tiiC deformed pidiire drawn in the Ipace 
abed will be a regular pifture in the fquare ; that 
is, it will appear a regular head, feen from the 
point S in the air ; but from any other point, the 
parts will appear to have different proportions, and 
therefore will be in fome meafure deformed. 

This problem may be folved mechanically, by 
holding a candle at S in the air, and tracing out 
the fliadow of the object (as the head here defcrib- 
edj upon the plane furface given abcdy which may 
as eafily be done upon a curve furface. But it is 
better if the candle fhine thro' a fmall hole, made 
in a plate fet at S. The fun*s light may alfo be 
made ufe of for drawing either the original, or the 
Reformed pifture 5 which will be more or lefs fo, 

accord- 
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according to the obliquity of the plane, it is to be Fig. 
drawn on. 8o. 

And by a like method, a deformed figure may 8x« 
be drawn upon the fiiiface of a cone, or any io- 
lid ; which will appear regular from a certain point 
of the axis. 

Cor. I . Hetuij the trapezium abed is the Jbadow 
of the perpendicular fquare wbofe Jide is dc. Jni 
every particular cell is the Jbadow of the correfpon^^ 
dent fmaU fquare in the upright one. 

For the ihadow of any point of the fquare fland- 
ing on dc^ is where the line drawn from the lumi- 
nous point S, cuts the plane Yob. And the fha- 
do w of any line in the {quar<r, will be where the 
plane pafling thro' that line and the luminous pointy 
cuts the laid plane. Therefore the (hadow of the 
top of the fquare, is the line ab ; the fhadow of 
one fide is ad^ and that of the other fide of the 
fquare is £r ; and the bafe dc coincides with the 
ihadow. And thus the fhadows of the lines or 
fides of any fmall fquare, are the lines that drcum- 
fcribe the correfponding trapezium or cell* And 
confequently the fpace contained in each cell, is 
the fhadow of the correi|x>nding finall fquare. 

Cor. 2. Hence^ a piBure that appears rude and 
irregular^ when viewed dire^ljj will appear regular 
and uniform J when viewed from a proper point. 

For the obje£b tdfcd looked at diredly, appears 
only a long trapezium ; but to the eye of a fpec- 
tator at S, it appears a regular fquare. For the 
ihape of the image and all the parts of it in the 
pifturc, to the eye ; is the very fame as if the rays 
nad come at firft from that pi&ure fbuiding per- 
pendicular upon dc'^ becaufe they come in the 
fame lines whether they come fi"om the pifture, or 
from the original. And if the colours of the fe« 
veral parts, and the fhadows be the fame in both, 

a perfbn 
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Fi^. apcribn will rather judge it to be regular than dc- 
8 Or formed; by being more'accuftomed to that, and 
8j. feeii^ingniorc natural. ' 

Cor. 3* ne praSHce of making deformed ohjeHs 
from regular ones^ is no more than the inverfe method 
of per[pe£live. 

For in the dired method of peripedtive, the tra- 
pezium abcd^ lying on the geometrical plane is 
projc(3:e(i into a fquare upon the line dc^ to the 
eye at S, in the air. So on the contrary, a fquare 
in the pidux'e is projeded into the deformed image 
qhcd^ on the ground plane. In the firft cafe the 
pidure is between the eye and the objedt -, but in 
the latter, they lie contrary. 

Scholium. 

Since fhadows are no more than the deforma- 
tions of objefts falling upon fome plane or other. 
Therefore the drawing of the fhadows of bodies 
depends on the fame rules, as finding their de- 
formations. The rays of light paffing by the out- 
lines of a body projeft their fhadows upon thefe 
places ; and the places where they fall will be 
found, by having the pofition of the light, and 
the fhape of the body. Therefore the praftice of 
thefe things depends upon fome or other of the 
rules before laid down. 

P R O B. XXX. 

. Tofhew the ufes of perfpeStive in drawing. 

The rules of perfpeftive before laid down, arc 
employed either in reprefenting figures that lye in 
the geometrical plane, or objefts that are elevated 
above that plane ; and all objefts whatever are ei- 
ther one or the other of thefe ; and therefore the 

foregoing 
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foregoing rules ate fufficient for defcribing any ob- Fig. 
jedls, and ought to be followed when we want 
any objefts to' be drawn perfedly exaft, and ma- 
thematically true. And this is the beft method 
when there are only right lined objefts concerned, 
and but a few of them. But there are numerous 
objeds that cannot be drawn this way, fuch as 
mountains, trees, Ihips, &c. In fuch cafes all we 
can do is to get a few of the principal points of 
fuch objefts, truly laid down ; for to get all the 
points, is impofTible, efpecially where curve lines 
are concerned, and the figures are irregular ; but 
the reft of the work is to be done by hand. For 
the art of perfpedlive only lays down geometrical 
rules for finding the images of certain points, but 
as the number of points in any objeft is infinite^ 
the work would be infinite ; except in their fingle 
cafe, where the points in the objeft happen to be 
connefted by right lines ; for then they will be 
right lines in the drawing, but in no other cale ; 
and therefore our only refuge is drawing by hand. 

Then to gain a dexterity and exaftnefs at draw- 
ing by hand ; the beft way is, firft to draw fome 
plain and fimple objeds in perfpedive, and then 
try to imitate them by hand ; and where you find 
any fault, rub it out, or elfe throw them away, 
and do them over again ; ftill endeavouring, ta 
mend the former faults, and to make them more 
exad ; which is as eafy to do, as learning to write. 
"When you have fucceeded pretty well with one 
objed, take a new one, and proceed the fame 
way with that •, knd the like for as many as you 
pleafe, till you improve in the art ; and then you 
may make choice of more compounded objeds 
which are harder to draw. 

In objeds that are more difficult to draw, let 
fome of the principal lines be drawn by the rules 
of perfpedive, and finifti the reft by hand j repeat 

this 


io8 PERSPECTIVE. 

. Fig. this fevcral times tiU you get them to your mifKf. 
Afterwards draw fewer of the lines in peripeftive, 
and finifh the reft by hand. And laft of all draw 
none of it in perfpedtivej but do the whole by 
hand ; and that feveral times over, till it be tolera- 
bly cxadt. And thus by proceeding from eafy ob- 
jefts to thofe that are harder, you'll at laft ac- 
quire a habit of drawing truly and readily. But 
it is pradice alone that muft compleat any perfon 
in this art of drawing, a multitude of rules fig- 
nifying little or nothing. 

When a complicated figure is to be drawn, it 
would be a difficult thing to do every fmall part 
of it by the rules of perfpedtive ; but by inclofing 
it in a fquare divided into little fquares, it may be 
done then by a perfon (killed in drawing. For 
where curve furfaces are concerned, the pradtical 
rules can only ferve to find a few points thereof^ 
or fome right lines, that may inclofe it ; by which 
means the drawer may then defcribe them fuffici- 
ently true. 

From what has been faid, any one may fee that 
it is in vain to endeavour, by the practical rules of 
peripeftive, to defcribe the hollows or rifings^ of 
objefts, their lights and Ihadows, or any irregular 
turnings and windings thereof. Thus the capitals 
^ and ornaments of pillars, cannot be defcribed that 
way, from the multitude of lines required to do it, 
* and would never be exaft. Nor can fuch objefts 
. as have not any determinate fliape, be defcribed this 
way ; fuch as clouds, hills, trees, valleys, rivers, 
&c. but are far better done by hand- For in fuch 
as thefe, there is more latitude allowed, and one 
can hardly miftake fo far as to make them appear 
monftrous or unnatural. The turnings and wind- 
ings pf rivers, the Ihapes of ti-ees, their branches 
and leaves ; the limbs of animals, the features, of 
men and women, the folds of their garments, 

could 
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could never be performed by the ftrift rules of Fig, 
pcrfpedive. 

We muft be content therefore, to apply the Art 
of Perfpeftive to what it is capable of doing to per- 
feftion ; and that is, laying down a general draught, 
which is to ferve for a ground-work for our future 
operations ; in which the feveral places and litua- 
tions of objedts are to be affigned. Bu); then the 
finilhing and beautifying the piece muft be left to 
the fkimil hand of the drawer. Indeed it is moft 
ufeful where it is moft wanted, and that is in de- 
* fcribing fuch objefts as are terminated by right lines, 
efpecially perpendicular ones ; fuch as buildings, 
pieces of architefture, regular figures, and fuch like ; 
where a deviation from their true fhape or pofition 
would be very fenfible. In other cafes, all we can 
do by the mathematical rules, is to find a few points 
which fcrve for a guide to draw the reft by. Thus 
in defcribing a circle, we find as many points in it 
by rule and compafs, as we think fufficient, and 
then carry a curve thro' them by hand ; fo that 
ftriclly fpeaking no part of this image is found by 
geometrical rules, but thefe few points ; all the reft 
owes its being and exa£tnefs to the judgment and 
hand of the artift. 

The principal ufe then of Perfp^Aive, is for in- 
forming the judgment -, for by being accuftomed to 
draw objefts in perfpeftive, one may better kno* 
which way fuch and fuch lines Ihould run, and 
where they fhould end, and to what points they 
Ihould converge ; and from thence judge better 
how an objeft fhould appear, by Ihewing the rela- 
tion between the objeft and its image ; and by tha^ 
means directs the hand to draw them, and the eye 
to difcover any defcft in the drawing, whfch other- 
wife would not be feen. Likewife when the gene- 
ral plan, and the principal parts are laid down ex-^ 
aftly by rule ; the minuter parts will naturally comq 

into 
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Fig. into their proper places, and all errors will then be 
eafily avoided, and eafily reftified. So that make- 
ing ufe of the rules for drawing the principal parts, 
where they can conveniently be ufed ; will give the 
pifture fuch a form as will guide the eye of the 
drawer, in defcribing the other parts ; and direft 
him to draw the reft, and to finifh the draught, and 
make it perfcft and complete. 

When objects are at a great diftance, the mag- 
nitude muft be diminifhed in proportion ; becaufe 
they appear under a leffer angle than when nearer. 
And in fhading them, the Ihadows muft fall all 
one way, that is from the fun. And in colouring 
them which ought to be done at laft ; the colours 
muft be ftronger near hand, and fainter further off; 
till at a great diftance they lofe themfelves in a 
bluifti mift. And in all things you muft perform 
the fame thing in the pifture, as you obferve with 
your eye. 

The bufinefs of dejtgning^ is the work of a maf- 
ter ; this is forming a general idea of fome large 
work, confifting'jOf many parts, whofe relation and 
conneftion, is entirely the invention of the artift. 
This may be fome hiftory piece, or contrived to 
fhew fome great tranfaftion or event. 

At firft the artift muft make only a rough 
draught of his defign, and in a fmall compafs : 
this he is to correft and mend, as he fees it necef- 
fary ; and the outlines need only be drawn in black 
lead, to be rubbed out occafionally. When he has 
fixed on the manner he would have it done, he may 
draw it larger and more compleat. And when he 
has got all the parts to his fatisfaftion, he muft at 
laft draw it, and all the parts of it, according -to 
his defign, and then proceed to the colouring it, if 
it is to be painted.. Here drawing according. to a 
defign, is a different thing from drawing the pic- 
tures of objects, we have before us. For this pic- 
ture 


Sea.II. PERSPECTIVE, m 

ture or defign has no objeft but what exifts in the Fig. 
ideas and mind of the artift. And therefore to 
makfe an elegant piece, the artift fliould have a good 
invention, and be well acquainted with the nature 
of things, that he may proportion things truly, in 
his draught ; and obferve that the conneftion of 
the feveral parts be according to nature ; and that 
they be pleafing and inftruftive. To do this re- 
quires a good genius, and a great deal of practice. 
His defign is formed entirely in his own head, 
which is to be executed by the rules beforementi- 
oned. And this branch of the art is gained by 
degrees, firft by drawing pidtures by fight; and 
afterwards copying from good original draughts ; 
obferving to draw the outlines firft, and then the 
inner parts, and then to ftiadow them. And laft 
of all, they that would become complete, muft 
make themfelves mafters of Perfpe£live. 
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